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Ceramic Ultrasonic Magnetostrictive Transducer 
by H. D. ROOT and J. McDONALD 

Materials Engineering Department, Westinghouse Electric Corporation, East Pittsburgh, Pennsylvania 

The magnetic and magnetostrictive properties 
of cobalt and nickel ferrite were investigated. 
Sample making and testing procedures are de- 
scribed. A method of evaluation of a biased 
magnetostrictive transducer is demonstrated. 
A comparison is made between nickel metal and 
nickel ferrite which shows that the ferrite may 

compare favorably for some applications. 

l. Introduction 

TRANSDUCER ts a device for transforming energy from one 

form to another, in this case from electrical energy to 

mechanical or sound energy. Magnetostriction is that 

property of a magnetic material which causes a change in di 

mensions with a change in magnetization. In an alternating 

magnetic field a magnetostrictive material will change its 

length with the alternating changes in field strength and with 

the same frequency rhis change in length is parallel to 

the direction of the magnetic field. A magnetostrictive 

transducer is specified to avoid confusion with ferroelectric or 
piezoelectric ceramic transducers such as those of quartz or 
barium titanate, which are dimensionally influenced by elec 
trical rather than magnetic fields. Because of this difference, 

these two types of transducers bear little resemblance to each 
other. 

The term “ultrasonic” is used to establish the frequency as 
being above the upper limit of human hearing, which is ap 
proximately 16 ke. per second. Generally, the usefulness of 
magnetostrictive transducers is limited to the range 16 to 80 

ke. with most applications nearer 20 ke. 
A magnetostrictive transducer is merely an electromagnetic 

circuit in which the core or magnetic material is magneto 

strictive. A simple transducer might be a rod of nickel hav 
ing two windings. If the first winding is attached to a 

source of alternating current, the field induced by this current 

Presented at the Fifty-Seventh Annual Meeting, The American 
Ceramic Society, Cincinnati, Ohio, April 27, 1955 (White Wares 

Division, No. 23). Received August 24, 1955; revised copy re 

ceived August 20, 1956 
The authors are, respectively, supervising engineer, Ceramics 

Section, and senior engineer, Magnetic Application Section, 
Materials Engineering Department, Westinghouse Electric Cor 
poration 

will magnetize the transducer sinusoidally. The second or 

bias winding is attached to a source of adjustable direct cur 

rent. The bias current is adjusted so that the core will be 

magnetized to that point at which the change in length with 
change in magnetic field or alternating current is at a maxi 

mum. At this point, the transducer will operate most 
efficiently. 

Certain magnetic ferrites are known to have adequate mag 
netostriction and low eddy-current losses.' Since losses in 

crease with frequency, higher frequencies should be obtain 
able with lower-loss ceramic magnetic materials than with 

higher conductivity (higher loss) metals. 

The fields of ultrasonics in which ceramic magnetostrictive 

transducers may prove to be useful include the following 

(1) Filters, in electrical communications 

(2) Frequency controls for oscillators 
(3) Cleaning of metal parts 
(4) Fluxless soldering and brazing of aluminum and other 

metals which are difficult to join 
(5) Out-gassing of molten metals 

(6) Refinement of grain in castings 

Variations in the making of ferrite materials often cause 

variations in the resonant frequency of seemingly identical 
parts. For this reason, widespread use in oscillator frequency 
control has not been accomplished. Once these problems are 
overcome, ferrites with their inherently low eddy-current 
losses may be developed with the Q suitable for oscillator 

control 
For fluxless soldering and high-temperature work with 

metals, ferrite transducers offer the greatest promise. This ts 
particularly true if the operating temperature range can be ex 
tended above that suitable for magnetostrictive metals 

Nickel transducers are limited in operation to below 358°C.., 
the Curie temperature of nickel, but nickel ferrite, with its 
Curie temperature of 580°C., could possibly be used at 

much higher temperatures 

'‘ Ludwig Bergmann, Der Ultraschall und seine Anwendung in 

Wissenschaft und Technik. S. Hirzel Verlag, Zurich, 1949. 768 

pp 

2K. E. Latimer and H. B. MacDonald, “Survey of Possibk 

Applications of Ferrites,’ Proc. Inst. Elec. Engrs. (London), 97, 
Part II, 257-67 (1950 

—— |} 
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The core losses of the commercial ferrites Cocg OR NiO 
used in communications apparatus are low a STEARIC ACID 
owing to the high bulk resistivity of the mul- WATER 
ticrystalline oxide mass. A range of mag 7a T WATER 

netic permeabilities suitable for transducer aay 
design is available. The low thermal expan- 200°F, 12 HRS. 200°F, 12 HRS. 
sion and low thermal conductivity of a ce- | 
ramic material favors the elimination of some GRANULATE on 
of the heating problems. The reported mag- 20 MESH 
netostriction and mechanical properties of ae ‘ 
several ferrites add to the interest in a ferrite ben | Lap ll 
transducer. Most attractive, however, is the T 
possibility of using a bulk material rather querer a 
than the laminated structure of metal trans- 1900°F 180°F, 12 HRS 
ducers. The lamination procedure and some- | 2300°F 
times water cooling are required with metal CRUSH cee F 
transducers to minimize er dissipate the THRU 20 MESH JT WATER = po 
heat produced by eddy currents at advanced 
frequencies. 

The labor and expense of rolling, punching, 
deburring, flattening, annealing, and insulat- 
ing a metal for transducer use is high, whereas 
the dry-pressing technique used to form ceramic materials 
is inherently direct and inexpensive. These numerous po- 

tential advantages of ferrites have led to the initiation of 
the investigation on which this paper is based. 

ll. Literature Survey 

A number of workers have reported the saturation magneto- 
striction of various ferrites. Among the most complete and 
useful of these papers is one by Vautier,*? who reports the 
magnetostriction of nickel ferrite as being of the order of —20 

< 10~*, which is comparable to values measured on nickel, 
the most common of presently used magnetostrictive ma- 
terials. 

Harvey and co-workers‘ have compared the magnetostric- 
tion of a number of ferrites in the system NiO-ZnO—Fe.Q; but 

report no values of magnetostriction. Roberts® has reported 
work on filters, oscillators, and resonators and has provided 
some basis for comparison in his measurement of velocities of 
sound in ferrite parts. 

Of most interest, however, is a British patent® on trans- 

ducers for underwater sound reception and transmission, which 
points the way toward the interaction between permeability 
and magnetostriction of ferrite materials and suggests some 
compositional adjustments which would tend to maximize the 
value of a magnetostrictive ferrite for transducer application. 

ill. Experimental 

A brief experimental study was made of the effects of com- 
position and process variables on the magnetic and mag- 
netostrictive properties of two promising ferrites. Equimolar 
nickel and cobalt ferrites were chosen on the basis of the re 
ported magnetostriction values. 

3 Roger Vautier, ‘‘Magnétostriction longitudinale des Ferrites 
de Nickel et de Magnésium’”’ (Longitudinal Magnetostriction 
of Nickel and Magnesium Ferrites), Compt. rend., 229, 177-79 
(1949). 

*R. L. Harvey, I. J. Hegyi, and H. W. Leverenz, ‘“‘Ferromag- 
netic Spinels for Radio Frequencies,’’ RCA Rev., 11, 321-63 
(1950). 

5(a) W. Van B. Roberts and L. L. Burns, Jr., ‘‘Mechanical 

Filters for Radio Frequencies,’’ RCA Rev., 10, 348-65 (1949). 
(6) W. Van B. Roberts, ‘‘Some Applications of Permanently 

Magnetized Ferrite Magnetostrictive Resonators,’’ RCA Rev., 

14, 3-16 (1953). 

® Société d’electrochimie, d’électrometallurgie et d’aciéries 
électriques d’Ugine, ‘‘Magnetostriction Oscillators,’’ Brit. Pat. 
697,030, February 6, 1951. 

7 R. M. Callahan and J. F. Murray, “Preparation of Reprodu- 
cible Barium Titanate,’’ Am. Ceram. Soc. Bull., 33 [5] 131-33 
(1954). 

Fig. 1. Flowsheet of ferrite preparation. 

Materials were prepared for dry-pressing by techniques 
which are adequately described elsewhere’ and are described 
but briefly here. A flowsheet is shown in Fig. 1. Chemically 

pure oxides or carbonates (analysis shown in Table I) were 
mixed in the correct proportions by wet ball-milling for 4 hours. 
The product was dried at 200°F., crushed, pressed into slugs 
at 5000 Ib. per sq. in., and presintered at 1900°F. The sintered 
powder was then wet-milled again for 20 hours with the 
addition, after 19 hours, of organic binders and lubricants 
(see Table II). The material was dried, granulated with 5% 

water, and pressed into the required shapes in steel dies at 
5000 Ib. per sq. in. using a hydraulic press. Considerable 
variation of milling conditions, binder, and pressing pressure 

Table |. Analysis of Raw Materials (%) 

Fe:Os* 

Insoluble in HCl 0.03 
Sulfate (SO,) 09 
Not precipitated by NH,OH (as SO,) .07 
Zinc (Zn) 005 
Copper 004 

CoCOy;t 

Insoluble in HCI 0.002 
Chloride (Cl) 003 
Nitrogen compounds (N) 005 
Sulfates (SO, ) 003 
Lead (Pb) 002 

Copper (Cu) 005 
Iron (Fe) 002 

Nickel ( Ni) 20 
Alkalis and alkaline earths (SO,) 49 

NiOt 

Chloride (C1) 0.002 

Nitogren compounds (N) 005 
Sulfate (SO,) 006 
Lead (Pb) 

Copper (Cu) 
Iron (Fe) 003 

Alkalis and alkaline earths (SO,) 17 
Cobalt (Co) 09 

Zinc (Zn) 005 

* Ferric oxide, c. p., powder, J. T. Baker Chemical Company, 
Phillipsburg, N. J., Lot No. 2957. 

t Cobalt carbonate, reagent, powder, J. T. Baker Chemical 

Company, Lot No. 5632. 
t Nickelous oxide, reagent, powder, J. T. Baker Chemical 

Company, Lot No. 8672 ed 
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A c 

Fig. 2. Magnetostrictive ferrite samples. 

Table Il. Binder and Lubricant Materials* 

Ferrite 2000 gm 

Stearic acid 15 gm 
Methy! cellulose (15 centipoises 30 gm 

Octyl alcohol, 0.50% (weight) Aerosol OT 20 cc 

Water 1200 cc 

\fter Callahan and Murray (see footnote 7) 

and speed could be introduced with only minor variations in 
the finished parts. 

Since the final firing temperature was expected to be the 

most effective variable, the presintering temperature was 
standardized at 1900°F. in air. Other presintering tempera- 
tures and atmospheres are currently being investigated in this 

laboratory. 

The final firing temperatures were from 2300° to 2600°F. 
in 100°F. increments. The firing cycle in air in a Globar fur- 

nace was 350°F. per hour to 400°F.; this temperature 
was held for 1 hour to oxidize the organic materials. The 

temperature was next increased at 350°F. per hour to the top 
temperature, which was held for 1 hour. The furnace was 
allowed to cool naturally. The three types of samples made 
are shown in Fig. 2. Sample A is the wire-wound ring used 
for the direct-current magnetic tests; sample C, the bar with 

strain gauges attached for magnetostriction measurements; 

and sample B, an experimental transducer design. 
A ballistic galvanometer method* was used to determine the 

magnetic properties at room temperature including the nor 
mal magnetization curve, coercive force, remanent induction, 

and incremental permeabilities. In this method a primary and 
a secondary winding were placed on a ring sample. The 
primary winding was connected to a direct-current source. In 
the primary circuit, resistors for varying the current and a 
switch for changing the direction of the current were provided. 
The field strength was calculated from the number of turns, 

current, and magnetic path length. In the secondary circuit, 
which was connected to the galvanometer, a known and vari 

able mutual inductance was used in the null method for 
measuring the change in flux. The flux density was calculated 
from the cross-sectional area, number of turns, and inductance 

*‘ Leigh Page and N. I. Adams, Principles of Electricity, 2d 
ed., p. 394. D. Van Nostrand Co., Inc., New York, 1949 
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required for a null. Approximately 15 points were taken in 
determining the normal magnetization curve of each sample 

The strain produced by magnetostriction of the bar samples 
was measured using strain gauges and a Wheatstone-bridge 

circuit. Compensation was introduced for dimensional 
changes produced by thermal expansion. The magnetizing 
force applied to the samples by an electromagnet was 
measured by the galvanometer deflection produced by a rotat 
ing coil in the field of the magnet. The flux density in the 

sample was measured by the deflection produced by a search 
coil wound directly on the sample 

IV. Evaluation of Data 

Having made reproducible samples under varying condi 
tions, and having measured the inherent magnetic and mag 

netostrictive properties of these samples, the problem nar- 
rowed to one of evaluating the results. Although large mag 

netostriction and good magnetic properties tend to suggest 
the material which may best be incorporated into a trans 
ducer, a more accurate correlation of these properties is re 
quired for a useful comparison of differently processed ma 
terials 

In determining whether a material has sufficient magneto 

striction at reasonable field strengths, the strain produced by 
magnetostriction is measured at various field strengths and 

curves are plotted as shown in Fig. 3. Here, the field strength 

(#7) and the strain (.S) of a ferrite are each plotted against in 

duction (B) and compared with the same curves for nickel 
From the curve of the ferrite, it is seen that if 50 oersteds 
is chosen as a peak field strength, the corresponding 
peak induction is then about 3 kilogausses, giving a strain of 

—20 XX 10~*. In comparing with nickel, which is the most 
widely used of the magnetostrictive metals, it is seen that the 
maximum strain is of reasonably large magnitude, but with 

nickel, 50 oersteds of field produce 6 kilogausses of induction 
or twice that of the ferrite. This observation leads to the con 
sideration of permeability in the evaluation of a transducer 

material. Low permeability could mean that an extremel\ 
high alternating field would be required to drive the trans 
ducer. In addition to permeability, which relates the induc 
tion to the field, a second relation is required giving strain or 
stress as a function of induction. This can be obtained from 
the strain-magnetization curve shown in Fig. 3. As this curve 

is parabolic in form, it might be expected to fit the equation of 
a parabola or S = AB?*. If this equation is differentiated, in 
crements of strain, 6S, are given in terms of the biasing induc 

T 
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Fig. 3. Strain-B-H curves for nickel and nickel ferrite. 
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Stress = Driving Force — Restoring Force 

Modulus X Strain 

-dP = dS 

P = Stress H = Magnetic Field 

= Magnetic induction @ 

A (48), E = Young's Modulus 

S = Strain = ou 

Fig. 4. Equation of motion. 

B 

Zt 4B 
AH 

ut LIMZA as 

4H 

44, Will vary for different volues of Bo 

Fig. 5. Minor hysteresis loops. 

tion, By, and the increments of induction, 6B. We will return 
to these equations later in obtaining a stress-magnetization 
relationship. 

As indicated by the strain-B-H curves, the merit of a trans 
ducer material can be determined from the maximum value of 

the product, Au,, in the equation of motion of the material in an 
alternating magnetic field. This is shown in Fig. 4. Here 

the stress, —dP, equals the driving force, Au,dH, minus the 
restoring force, which is the product of the modified Young's 

modulus times the strain. The symbol A represents the 
change in stress with change in magnetization where the 

strain is held constant; yu, represents the reversible permeabil- 
ity which is the change in magnetization of the body with 

change in magnetic field when the strain is held constant. 
Neglecting temperature, there are two independent variables in 
the equation of motion of a magnetostrictive material; hence 
one must be held constant in obtaining the coefficient of the 

other. This factor will be dealt with in more detail later. 
The reversible permeability used in this equation is not the 

permeability indicated by a major hysteresis loop, but is de 
fined as the slope of a line drawn between the two extremes of 
a small minor loop (see Fig. 5). As may be seen here, the re- 
versible permeability will vary for different amounts of bi- 
asing or direct-current magnetization of the transducer. 

Similarly, the stress constant, A, varies with biasing magneti- 
zation, but in a different manner. These relationships are 
shown in Fig. 6. Values of yu,, approximated by the small 
loops, are plotted against biasing induction. Also plotted 

56 

AL, and Aversus induction 

'@) 500 1000 1500 2000 2500 

BIASING INDUCTION, GAUSSES 

Fig. 6. yu, and A vs. induction for nickel ferrite. 

against biasing induction is A, values of which were obtained 

by the method derived as follows: 
In determining A, a relation is first obtained giving the 

strain as a function of B. As was shown earlier, 

S = KB? (1) 

6S = 2KB 6B or 6S = 2KB, 5B (2) 

which can be represented as 

6S 
= 3) 

2K By (o 

Now since 

which equals 

p 

Substituting equation (3) into equation (4) and since 

= & 

equation (2) can be written 

= 2KB,E (6) 

Substituting a value of A of 2 K 107! derived from the 

strain-induction curve and a value of £, 1.8 & 10~™ dynes per 
cm.*, calculated from the velocity of sound and density meas- 

urements, A = —7.2 Bo. 
In Fig. 7, the product Ay, is plotted against By to give the 

optimum biasing magnetization. From this curve, the opti- 
mum is 1350 gausses, corresponding to a maximum value of 
4.9 105 for Au,. 

Au, corresponds to the field-stress constant, e, in piezoelec- 
tric crystal terminology. Ay, or e gives the magnetostrictive 
stress developed in a clamped transducer per unit change in 
magnetic field. To show the relative merit of the ferrite 

transducer, its field-stress constant can be compared with that 
for a similar nickel transducer. Such a comparison shows the 
ferrite to have a field-stress constant approximately one-half 
that of the metallic nickel. This comparison is not unfavor- 
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400 

500 1000 SOO 2000 2500 
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Fig. 7. Ay, vs. By for nickel ferrite. 

able for the ferrite, since the ferrite can compensate for this 
limitation by a possible higher efficiency due to its higher 
e‘ectrical resistivity. 

Another constant useful in evaluating a transducer material 

is its electromechanical coupling coefficient, &,. This co 
efficient, squared, gives, at a driving frequency far below 

resonance, the fractional conversion of magnetic energy into 

mechanical energy by a magnetically driven transducer or 

sound source; or the fractional conversion of mechanical 

energy to magnetic by a mechanically driven transducer or 

sound receiver. 
From the following equation, &, might be expected to have a 

inaximum at an induction close to that for the maximum field 
stress constant, e. This condition can be further illustrated by 
a plot of &,. 

E E ps, 

Che value of &. obtained at 1350 gausses for the nickel ferrite 

was a satisfactory 0.19 and compared well with a similar value 
of &, for nickel of 0.30, obtained at approximately 3800 gausses 
rhese higher values of e and &, for nickel are due principally 
to its higher value of y;. 

Further information on the transducer material is ob 
tained by means of admittance-circle measurements. The 
admittance circle is a plot of the real and imaginary parts of 
the admittances of the transducer over a range of frequencies 
which include its resonant frequency. The real part or con 
ductance is plotted as the abscissa against the imaginary part 
or susceptance as ordinate.’ The geometry of this circle gives 
the mechanical Q of the transducer, its coefficient of electro 
mechanical coupling, and its potential efficiency under ideal 
loading. These properties of nickel ferrite and metallic 
nickel are compared in Table III. From these data nickel 
ferrite appears to be a reasonably good transducer material 
for processing applications of ultrasonics. Some limited ex 

*T. F. Hueter and R. H. Bolt, Sonics, pp. 180-86. John 

Wiley & Sons, Inc., New York, 1955 
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Table Ill. Transducer Properties of Nickel Ferrite and 
Metallic Nickel* 

Nickel ferrite Nickel 

(a) Static measurements 

Induction, By (gauss) 1350 3800 
Field-stress constant, ¢ 10 8.2 10° 
k. at B, 0.19 0.30 

= —28 xX 10°* —30 x 
A at By (dynes/gauss cm.* —10 X 10 -20 K 10 

p, density (gm./cm.*) 5.0 8.7 

pe, electrical resistivity (ohm 10° 7.0 XK 10°* 

cm 
(b) Dynamic measurements 

Induction, B, 1350 3800 
k. at By 0.17 0.18 

Mechanical 0 334 132 

Potential efficiency 90 82 

Frequency (kce.) 38.4 19.4 

* These values are typical or average. There will be variation 
in these properties depending on the previous history of the 

nickel or method of preparation of the ferrite 

Table IV. Effects of Firing Temperature on Saturation 
Mognetostriction and Maximum Permeability 

Firing 
temp Al 

Composition 

N10 - FeoO 2300 30* 10~ 76 

2400 aa" Q4 

2500 23* 176 
2600 25° 

CoO. Fe.O 2300 100T 

2400 > ROT 10 

2500 

* At saturation 
t At maximum magnetization obtainable with equipment 

perience with the nickel ferrite as a driver for a soldering iron 
has shown that the nickel ferrite is very suitable in this type 
of application providing it is not driven at excessive power 
levels where fracturing might occur. A maximum power level 

has not been determined precisely, but our limited experience 
indicates that it is below the power at which a nickel trans 
ducer can be driven. 

A similar study of cobalt ferrite was discarded after meas 

urements were made to compare the properties of the nickel 

and cobalt ferrites. The results, given in Table IV, show that 

although the magnetostrictive strain was very high for the 

cobalt ferrite, the reversible permeability could be expected to 
be extremely low since the maximum permeability was only 
10 compared with the much higher values of the nickel ferrite 

V. Conclusions 

1) Cobalt ferrite, although it has a very high saturation 

magnetostriction, is not suitable as a transducer because its 

reversible permeability is extremely low. 
(2) Nickel ferrite compares favorably with metallic nickel 

as a transducer material. It has a field-stress constant and a 

coefficient of electromechanical coupling greater than half that 

of nickel; its potential efficiency is possibly higher than that of 
nickel since values of 90°, were obtained for the ferrite com 

pared with 82% for the nickel. These values can vary, depend 
ing on the previous history of the nickel or on the firing tem 

perature of the ferrite 
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Phase Equilibria in High-Alumina Part of the System 

by R. C. DeVRIES and E. F. OSBORN 

College of Mineral Industries, The Pennsylvania State University, University Park, Pennsylvania 

Results are presented of a study of phase 
equilibria among crystalline and liquid phases 
in the quaternary system CaO-MgO-~-Al.O,;-SiO, 
at Al,O; contents greater than 35°). Equilibrium 
diagrams shown are for the five triangular joins 

Ca,Al.SiO-Mg- 
Al.O,-Al,O;, CaAl.Si,O,-MgO-Al.O;, CaAl.Si.O.- 

Mg.SiO,-MgAl.O,, and CaAl,Si,O;-MgO-Mg.- 
SiO,. The composition and nature of the four 
quaternary peritectic points and the relation- 
ships of univariant lines and primary phase vol- 

umes are discussed. 

|. Introduction 

the best-understood quaternary systems in the nonmetallic 
field. Because of its application to the understanding of 

reactions in igneous and metamorphic rocks, cement manufac- 
ture, blast-furnace slags, and ceramic bodies, it has been 

studied by many groups with the investigations of the Geo 
physical Laboratory of the Carnegie Institution of Washing 
ton serving as a basis. Most of the interests mentioned are 

satisfied by a knowledge of that part of the system containing 
less than 35% AlLO;. Although phase relationships for 
alumina compositions greater than this have many direct 
applications, published data for compositions in this part of 
the quaternary system are very limited. In the present 
study several joins in the high-alumina part of the quaternary 
system were investigated. From the data obtained, liquidus 
and solidus temperatures and phase relationships in general 
for high-alumina compositions can be estimated. 

The quaternary system can be viewed as a tetrahedron 
having as each apex a component and as each face a ternary 
system (Fig. 1). Systematic studies of the interior of this tet 

rahedron are best made by examining relations along selected 

interior planes. For some purposes, planes are conveniently 

used on which all points represent mixtures having a con- 
stant percentage of one of the components. This was the pro 
cedure followed in two recent studies of parts of this system, ! 
and it is generally a convenient method where only liquidus 
data or properties only of the liquid phase are of interest. 
On the other hand, phase equilibrium relationships and the 

Tis system CaO—-MgO-Al,O;-SiO, is without doubt one of 
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1(a) E. F. Osborn, R. C. DeVries, K. H. Gee, and H. M. 

Kraner, “Optimum Composition of Blast-Furnace Slag as De- 
duced from Liquidus Data for the Quaternary System CaO 
MgO-Al,0;-SiO,,”” J. Metals, 6, January 1954; Trans. Am 

Inst. Mining Met. Engrs., 200, 33-45 (1954). 
(b) A. T. Prince, ‘“Liquidus Relationships on 10% MgO 

Plane of the System Lime—Magnesia—Alumina-Silica,’’ J. Am. 
Ceram. Soc., 37 |9] 402-408 (1954). 

OA! 

Coz Al,SiO, 

CeO MgO 

Fig. 1. Tetrahedron representing the system CaO-—MgO-Al,O;-SiO». 

Triangular joins shown within the tetrahedron are those investigated. The 

position of Ca,Al.SiO; has been changed slightly to avoid overlapping of 

lines in this perspective drawing. 

general nature of solid-liquid and solid-solid reactions in the 
system can be more readily and certainly established, as a 
rule, by studying interior triangular planes which are ternary 
or partly ternary systems. Examples of such studies in this 
quaternary system are the systems CaAl,Sic,Og-MgSiO, 

SiOQ2,? CaSiOs-CaMgSi,O, 
MgO-Al.O; 

CaySi0,,* and The latter approach 
was used in this investigation of the high-alumina part of the 
system CaO—-MgO-Al,O;-SiO,. The following planes, or 

triangular joins sketched within the tetrahedron of Fig. 1, 
were investigated: Cay 

CaAlSicOs 
MgSiOy-MgAlO,, and 

ll. Previous Investigations 

Most of the binary systems or joins representing edges of 
the triangular planes listed above have been studied. The 

2? Olaf Andersen, ‘‘The System Anorthite—Forsterite—Silica,”’ 

Am. J. Sci., |4th Series], 39, 407-54 (1915). 
3E. F. Osborn and J. F. Schairer, ‘‘The Ternary System 

Pseudowollastonite-Akermanite—Gehlenite,’’ Am. J. Sci., 239 

[10] 715-63 (1941); Ceram. Abstr., 21 [2] 50 (1942). 
*E. F. Osborn, “‘The Svstem 

Am. J. Sci., 240 [11] 751-88 (1942); Ceram. Abstr., 22 [3] 63 
(1943). 

SE. F. Osborn and D. B. Tait, ‘“‘The System Diopside 
Forsterite-Anorthite,’’ Am. J. Sci., Bowen Volume, Part 2, pp 
413-33 (1952). 

* A. T. Prince, ““Phase Equilibrium Relationships in Portion 
of the System MgO-—Al,O;-2Ca0-SiO.,"’ J. Am. Ceram. Soc., 

34 [2] 44-51 (1951). 
7W. C. Hansen, “Phase Equilibria in the System 2CaO-- 

Si0.-MgO-5Ca0-3Al,0;,"" J. Am. Chem. Soc., 50 [8] 2155-60 
(1928); Ceram. Abstr., 8 [11] 842 (1929) 
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systems and were 

described in the original paper on the system CaO-Al,O;- 
SiO... Since that time it has been shown by Filonenko and 

Lavrov® that gehlenite and corundum are not compatible 
phases but are separated by the primary phase region of 
CaO -6Al1,O; (lime hexaluminate). They also established the 
phase relations of this compound in the system CaOQ-—Al,O; 

and have shown it to be incongruently melting at 1850° + 

10°C. We were able to reproduce their subsolidus results in 
the system CaO-Al,O; and also confirmed a primary phase 
region for this phase in the ternary system CaO—AlI,O;—-SiOs. 

The systems Mg,SiO,-MgO and MgAl.O,-Al.O; are known 
from the investigations of the systems MgO-SiO,"” and MgO- 

respectively. 
Within the quaternary system the join Mg.SiO,-CaAl, 

SigOs was studied by Andersen.? The system Ca,Al,SiO; 

MgAl.O, was investigated by Nurse and Stutterheim'?; our 

independent (unpublished) results are in agreement within 
the limits of experimental error. 

iil. Experimental Procedure 

This investigation was carried out using the conventional 

static method with subsequent quenching as developed for 
silicate systems by Shepherd, Rankin, and Wright." 

The Pt-90Pt-10Rh thermocouples were calibrated at fre 

quent intervals against the melting points of a-CaSiO; 
(1544°C.) and CaMgSioO, (1391.5°C.). The temperatures 

shown are those based on the Geophysical Laboratory Scale, 
which ts essentially the same as the International Temperature 
Seale of 1948 over this range. With the type of control 
mechanism used, the over-all accuracy is of the order of +3°C. 

The starting mixtures were made by melting together c.p. 
oxides after thorough mixing. The quenched melts were 

crushed and remelted at least once. Using both crystallized 
and glassy materials, it was established that equilibrium could 
be reached in most cases in runs of 12 to 48 hours at tempera 
tures where some liquid was present and in 2 hours or less at 
temperatures near the liquidus. In the temperature ranges 
where very little liquid was present a considerably longer 
time was required to reach equilibrium (100 hours or more). 
Crystalline starting materials derived from glass by heating 

at 1100°C. for 48 hours were used during the early part of 
this investigation. Inconsistent results were obtained using 

this starting material, probably because of variability in the 
degree of crystallinity of the matter. The glass itself was 

found to be generally more satisfactory and was adopted as 
the standard starting material. 

A few mixtures were made using the gel techniques in which 
the components CaO, MgO, and AI,O; as nitrates in water 
solution were mixed with an alcohol solution of ethyl ortho 
siheate. The resulting gel was dehydrated and heated at low 

temperatures. For those mixtures whose liquidus tempera 

*G. A. Rankin and F. E. Wright, ‘The Ternary System 

CaO-Al,O;-SiO2,"” Am. J. Sci., [4th Series], 39, 1-79 (1915) 
* N. E. Filonenko and I. V. Lavrov, ‘‘Investigation of Equilib 

rium Conditions in Alumina Corner of the Ternary System 

CaO-Al,O;-SiO,,” J. Aptl. Chem. (U.S.S.R.), 23 [10] 104046 
1950); Ceram. Abstr., 1951, May, p. 94c 
“ N. L. Bowen and Olaf Andersen, ‘“‘The Binary System 

MgO-SiO.,”’ Am. J. Sct., [4th Series], 37, 487-500 (1914). 
'‘\(a) G. A. Rankin and H. E. Merwin, ‘“‘The Ternary Sys 

tem CaO-Al.O;-MgO,” J. Am. Chem. Soc., 38 [3] 568-88 (1916) 
(6) D. M. Roy, R. Roy, and E. F. Osborn, “The System 

MgO-Al.O;-H,O and Influence of Carbonate and Nitrate Ions 

on Phase Equilibria,’ Am. J. Sci., 251 [5] 337-61 (1953); Ceram 
lbstr., 1954, January, p. 22f. 
'2R. W. Nurse and N. Stutterheim, ‘‘The System Gehlenite 

Spinel: Relation to the Quaternary System CaO-MgO-Al,O; 
Si02,”’ J. Iron Steel Inst., 165, 137-38 (1950); Ceram. Abstr., 1952, 

June, p. 119g. 
'S E. S. Shepherd, G. A. Rankin, and F. E. Wright, ‘‘Binary 

Systems of Alumina with Silica, Lime, and Magnesia,’ Am. J 

Sci., [4th Series], 28, 293-333 (1909) 
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tures are too high to melt to a homogeneous glass this method 
is valuable in achieving a homogeneous mixture of a very re 
active nature as a starting material. 

For runs above 1650°C. a strip furnace of the type de 
scribed by Roberts and Morey" was used. 

The phases present after quenching were identified by 

optical methods using transmitted polarized light and supple 
mentary X-ray diffractometer techniques. 

IV. Properties of Crystalline Phases 

The optical properties of synthetic anorthite, gehlenite, and 
spinel have been described in the literature*. ''“” and no de 

viations from recorded data were observed. The habit of 
anorthite varied both as a function of the length of runs and 

the amount of crystals present. Near the liquidus tempera 
tures anorthite grew as euhedral flat prisms terminated by 

pyramidal faces even in relatively short runs (2 to 4 hours). 
At lower temperatures and with some liquid present in runs 

of short duration, the phase appeared as radiating masses of 
small prismatic needles. 

Judged from optical and X-ray data, crystals of gehlenite in 
these mixtures have the composition of Ca,Al,SiO; with litth 

or no Mg + Si substituting for Al. Gehlenite crystals always 

had a speckled appearance as if a phase of low refractive index 
(such as air bubbles) was included. These did not disappear 
even in the longest runs. 

Distinguishing corundum from lime hexaluminate presented 
an identification problem. The refractive indices for corun 
dum are n, = 1.768, n, = 1.760; and for CaO-6Al,0;,° n, 

1.758, m. = 1.752. In describing the latter phase Filonenko 

and Lavrov’® indicated a distinguishing feature to be the dif 
ference in morphology. Corundum was described as equant 
grains with good rhombohedral development in combination 

with the pinacoids, whereas hexagonal plates characterized 
the hexaluminate phase. This difference was observed in the 

present investigation. The crystals called corundum in this 
study are either equant grains with well-developed rhombo 
hedral faces or thick hexagonal plates in which the prisms 

and pinacoids are prominent. Such crystals proved to be 
corundum on the basis of X-ray diffraction patterns. The 
lime hexaluminate crystals are very thin hexagonal plates 
with marked pinacoidal face development. These crystals 
are commonly composed of very thin layers stacked on top 
of each other. As a result of this stacking of layers, equilat 
eral triangular areas are observable on surfaces. Crystals 

are clearly of different habit than the thicker, more equant 
corundum grains. Unfortunately we were not successful in 

obtaining useful X-ray data from these crystals in mixtures 

on the join CaAl,SisOg,-Ca,Al,SiO;-MgAl,O, because of the 

high liquid/crystal ratio in runs at temperatures near the 
liquidus. (At lower temperatures the phase disappears 
On the join Al,O;-Ca,AlLSiO;-MgAl,O, the same phase was 

present in mixtures in sufficient amount to be examined by 
X-ray methods; its pattern is analogous to the beta-aluminas 
and was positively distinguishable from corundum by this 

method. 

V. Results of Investigation 

The joins which were studied and their positions within the 
tetrahedron representing the quaternary system CaO-MgO 
Al,O;-SiO, are shown in Figs. | to 8. Along these joins bi 

nary and ternary phase relationships exist in only certain 
parts of the diagrams. Consequently the crystallization 
paths or conversely the melting behavior of mixtures must 

commonly be considered in terms of the quaternary system 

'* H. S. Roberts and G. W. Morey, “‘Micro-Furnace for Tem 
peratures Above 1000°C..,"" Rev. Sct. Instr., 1, 576-79 (1930 

Ceram. Abstr., 10 [5| 374(1931 
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Table |. Significant Data from Quenching Runs for Mix- 
tures Shown as Dots in Figs. 4, 5, and 6* 

Composition (wt. 

CaAle rime remp 
MgO SisOs hr Phases presentt 

2.0 94.0 3.0 1.0 1524 Liq 

2.0 1498 Liq, An 
6.0 1481 Liq, An 
10.0 1471 Liq, An, Sp 

10 93.0 3.0 3.0 1483 Lig 

1.0 1480 Liq, An 
20.0 1468 Liq, An 

10.0 1465 Liq, An, Sp 
50 91.0 1.0 17.0 1473 Liq 

418.0 1466 Liq, An 

14.0 1458 = Liq, An, Sp 
6.0 O00 1.0 16.0 1473 Liq 

12.0 1467 Liq, Sp 
13.0 1455 Liq, Sp, An 

6.0 R80 6.0 1.5 1500 Liq 
3.0 1495 Liq, Sp 

24.0 1468 Liq, Sp 
5.0 1459 Liq, Sp, An 

6.0 80.0 14.0 2.0 1582 Liq 
1.0 1478 ~=Liq, Sp 
5.0 1566 Liq, Sp 
1.0 1556 = Liq, Sp, Cor 

15.0 1466 Liq, Sp, Cor (?), An 

Composition (wt 

Meg CaAly Meg: Time Temp 
SieOs (hr.) Phases present 

4.0 180 48.0 2.0 1549 Liq 

1.5 1546 Liq, Sp 
2.5 1525 ~=Liq, Sp 
1.0 515 Liq, Sp, Fo 

10 44 | 52.0 1.0 1559 Liq 

0.75 1553 Liq, Fo, Sp 
5.0 75.0 20.0 1.5 1520 Lig 

2.0 1515 Liq, Sp 
141.0 1401 Liq, Sp 

15.0 1386 = Liq, Sp, An 
7.0 86.0 7.0 20.0 1468 Liq 

10.0 1462 Liq, Sp 
15.0 1457 ~=Liq, Sp, An 

8.0 62.0 30.0 0.5 1600 Liq, Sp 

2.0 1550 Liq, Sp 
8.0 84.0 8.0 3.0 1484s Liq 

0.75 1480 ~=Liq, Sp 
17.0 1454 Liq, Sp 
43.0 1450 = Liq, Sp, An 

9.0 85.0 6.0 22.0 1483 Liq 
23.0 1478 = Liq, Sp 
24.0 1466 ~=Liq, Sp 
8.0 1463 Liq, Sp, An 

10.0 40.0 50.0 0.5 1609 Liq, Sp 
0.5 1578 Liq, Sp, Fo 

10.0 46.0 44.0 0.5 1600 Liq, Sp 
0.5 1500 Liq, Sp 
3.0 1495 Liq, Sp, Fo 
16.0 1473 Liq, Sp, Fo 

10.0 86.0 4.0 6.0 1510 Liq 
45.0 1504 Liq, Sp 
6.0 1481 Liq, Sp, Cor 

14.0 82.0 4.0 2.0 1544 Liq 
2.0 1538 Liq, Sp 
4.0 1483 Liq, Sp 

89.0 1475 Liq, Sp, An 
5.0 87.0 8.0 10.0 1465 iq 

12.0 1456 Liq, An 
1.0 1452 Liq, An, Sp 

7.0 90.0 3.0 3.0 1499 = Liq 
10.0 1490 Liq, An 
280 1484 Liq, An, Sp 

8.0 87.0 5.0 6.0 1481 Liq 
10.0 1474 Liq, An, Sp 

88.0 2.0 23.0 1525 Liq, Cor 10.0 

* Phase relations for mixtures shown in Fig. 4 lying on the 
join CaAlpSi,Os-MgAl.O, can be read from Fig. 2. 

t Abbreviations used: Liq = liquid, An anorthite, Sp 
spinel, Cor corundum, Fo = forsterite, Per periclase. 
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Fig. 2. Diagram illustrating phase relationships along the join CaAl.- 

SizOs-MgAleO,. Data used to construct the diagram were obtained from 

the runs shown as dots. Binary phase relationships exist in the areas 

below the heavy boundary lines. 
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Fig. 3. Diagram illustrating phase relationships along part of the join 

CaAlSixOs-MgO. Binary phase relationships exist in the areas below the 

Data used to construct the diagram were obtained heavy boundary lines. 

from the runs shown as dots. 

Table | (Concluded) 

Composition (wt. %) 

CaAle Time Temp 
MgO SizOs SiO. (hr.) be Phases present 

4.0 50.0 46.0 0.5 1560 Liq 
0.75 1553 Liq, Fo 

1.0 1544 Liq, Fo, Sp 
7.0 50.0 43.0 0.75 1573 Liq 

2.5 1563 Liq, Fo 

1.0 1559 ~—s Liq, Fo, Sp 
10.0 50.0 40.0 0.3 1625 Liq, Per, Sp 

2.5 1600 Liq, Per, Sp, Fo 
1.5 1543 ~— Liq, Per, Sp, Fo 

5.0 52.0 43.0 0.75 1550 Liq 
1.0 1544 Liq, Sp, Fo 

8.0 52.0 40.0 1.0 1571 Liq, Sp 
6.0 53.0 41.0 1.0 1568 = Liq 

1.0 1558 Liq, Sp 
1.5 1547 Lig, Sp 
2.0 1536 Liq, Sp, Fo 

4.0 70.0 26.0 4.0 1529 Liq 
1522 Liq, Sp 

4.0 90.0 6.0 41.0 1454 Liq 
128.0 1447 Liq, Sp, An — 
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CORUNOUM 

Alg0y 
2050 

SPINEL 2135 

Perictose 

1553 

System 9 

Fig. 4. Equilibrium diagram for 

the join 

Dots indicate compositions of mix- 

tures studied (Table | and Fig. 2). 

2600 

ANORTHITE 1800 
CoAl,Si,0, 

In these cases during equilibrium crystallization of the mix 
ture, the liquid leaves the join containing the initial composi 
tion to move with decreasing temperature through a primary 

phase volume or along a divariant surface or univariant line, 

finally terminating at a quaternary invariant point. Be 
cause solid solution in the high-alumina part of the system is 

inconsequential from this standpoint, it can be assumed for 
most purposes that all liquids under equilibrium conditions 
will finally crystallize at the temperature of an invariant point 

New data have been obtained for the joins CaAlSicOs 

and The significant runs are 

plotted as points in Figs. 2 and 3. These joins are not bi 
nary systems, as clearly shown by their positions in Fig. 4 

rhe first join cuts across the field of corundum and the 
other across the field of spinel. Anorthite and spinel are 
however, compatible phases below the temperature of the in 

ANORTHITE 
CeAl,Si,0, 

PERICLASE 

variant point in Fig. 4 (1485°C.). Anorthite and periclase 

on the other hand cannot coexist under equilibrium condi 
tions. Their primary phase volumes do not adjoin 

The two foregoing joins (Figs. 2 and 3) are represented by 
lines on the triangular join CaAlSieOg-MgO-AlLO; shown as 

Fig. 4. Within this triangle occurs the “ternary invariant 

point’’ at which anorthite, spinel, and corundum are in equilib 
rium with liquid. The point is similar to an ordinary tet 
nary peritectic, lying just outside its corresponding composi 

tion triangle CaAleSigOs-MgAl.O,-Al,O;, and is a temperature 

maximum on the univariant line in the quaternary system. A 
striking feature of the diagram is the very small field of anor 

thite as compared with the fields of the more simple struc 
tures: corundum, spinel, and periclase 

Anorthite, forsterite, and spinel are compatible compounds 

but the system CaAlSivOs-MgeSiO,;-MgAlO,, as shown in 

Fig. 5, is not ternary. The diagram departs 

from that of a ternary system in two respects 
First, a small field for a phase (corundum) 

not represented in terms of the three com 
ponents enters the triangle; and second, the 
ternary invariant point at which spinel, anor 
thite, and forsterite exist in equilibrium with 
liquid lies outside the triangle. This peri 
tectic as shown by Osborn and Tait® has a 

temperature of 1420°C. Hence any mixture 
whose composition lies within the triangle of 
Fig. 5 will under equilibrium conditions 
contain liquid at temperatures above 
1420°C. and be composed only of spinel, 

anorthite, and forsterite below 1420°C. As in 

Fig. 5. Equilibrium diagram for 

the join 

MgAI-O,. Dots indicate composi- 

tions of mixtures studied (Table |). 
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Fig. 6. Equilibrium diagram for the 

join 

Dots indicate compositions of mix- 

tures studied (Table |). 

FORSTERITE ‘879 PERICLASE 
MgO 

the previous figure, anorthite is crowded into a very small 
field. 

Although the triangular join CaAlSi,Og-MgeSiO,-MgO is 

not in the high-alumina part of the quaternary system, it is 
related by common bounding joins to the others which were 
studied. A sketch of liquidus phase relations is presented as 
Fig. 6. With data being available for the bounding joins, 

studies of a few mixtures in the triangle (Fig. 6) were made in 
order to be able to show the approximate relationships. 

The equilibrium diagram for the system CaAlSieOs—-Cap- 
Al,SiO;-MgAl.O, is shown as Fig. 7, drawn from data listed 

in Table II. Although most of the area of this composition 
triangle is taken up by the fields of anorthite, gehlenite, and 
spinel, the fields of corundum and lime hexaluminate enter 

Spinei 

the triangle. Liquids in equilibrium with anorthite, gehlen- 
ite, and spinel are represented by points lying outside the 
triangle. The boundary surface separating the corundum 

and lime hexaluminate primary phase volumes intersects the 

plane of Fig. 7 at a low angle, making difficult the precise lo 

cation of the trace of this boundary on the plane. Conse 

quently in Fig. 7 this boundary has been dashed. 

The fifth of the triangular joins studied and illustrated in 

Fig. 1 is that having as apices Ca,Al.SiO;, MgAl.O,, and Al,O; 

The liquidus phase equilibrium relationships for this join are 

shown in the diagram of Fig. 8 (see page 13). As usual, the 

field of spinel dominates the diagram. 

but three piercing points, lie in this plane 

No invariant points, 

Fig. 7. Equilibrium diagram for 

the join 
CaAlSivOs. Dots indicate compo- 

sitions of mixtures studied(Table Il). 

1590 135 

GEHLENITE SPINEL 
Ce, Al,Si0, MgAl,0,4 

|| 
3 

1446 

1444 

/ 

Spin A 

/ 1800 

‘ 

ly 
4 

/ 
/ 

/ 

/ | 
/ 

ANORTHITE 

1513 

#) 

1590 

Ca0-6AI,0, j 

| 

3 

c . 

© 6 



January 1957 System CaO—-MgO-Al,0;-Si0; 
1] 

Table Il. Significant Data from Quenching Runs for Mix- Table li (continued) 

tures on the Join Netrac 

Refrac 

tive 

Composition (wt. “)) tive inden as. 

Comes | SiOr SirOs MgAleOx hr.) (°C.) Phases present* 

46.0 48.0 6.0 9.0 1391 Liq 1.606 39.0 57.0 1.0 18.0 1408 Liq 1.603 

14.0 1385 Liq, Geh 20.0 1400 Liq, An 
10.0 1375 Liq, Geh, CAs So 0 1376 Liq, An . 

5.0 1364 Lig, Geh, CAs, $9.0 1867 Liq, Aa. 
An(?) 

Cor(? 

3.0 50.0 2.0 8.0 1404 Liq 1.604 96.0 1351 Lig, An, CAs, 
5.0 1395 Liq, Geh at os Sp, Geh 

12.0 1381 Liq, Geh 768.0 1338 An, Sp, Geh 
4.0 1374 Liq, Geh, An 0.9 9.0 3.0 72.0 1411 Liq 1.602 

CAs 19.0 1409 Liq, An 

60.0 35.0 5.0 24.0 1477 Liq 1.613 2.0 1381 Liq,An 
2.0 1471 Liq, Geh 2.0 1377 Liq, An, CAs 

12.0 1384 Liq, Geh 60.0 1375 Liq, An, CAs, 

96.0 1382 Liq, Geh, CAs Pe. 
120.0 1368 Liq, Geh, CAs, 40.0 1363 Lig, An, CAs, 

Sp 
Geh 

25.0 1351 Geh, Sp, An 60.0 1354 Liq (?), An, 

72.0 16.0 12.0 84.0 1533 Liq 1.624 Geh, Spt? 
10 1525 Lig, Geh 240.0 1331 An, Geh, Sp 

12.0 1501 Liq, Geh, Sp 42.0 56.0 2.0 13.0 1404 Liq 1.603 

82.0 1359 Liq, Geh, Sp 85.0 1396 Liq, An 
33.0 1355 Geh, Sp, An 12 0 Liq,An 

75 0 m0 5 0 26.0 1549 Liq 1.622 60.0 1375 Liq, An, Geh, 

1.5 1537 Liq, Geh CA 
15.0 1431 Liq, Geh 60.0 1354 An, Geh, Sp 

12.0 1428 Liq, Geh, Sp $2.0 54.0 1.0 12.0 1393 Liq 1.604 

65.0 1368 Liq, Geh, Sp 85.0 1388 Liq,An 
120.0 1358 Liq, Geh, Sp, 

240.0 1374 Liq, An, CAsg, 

Geh 

r 0 R60 7 0 10 1511 Liq l 584 120.0 1358 Liq, An, Cc As, 

6.0 1504 Liq, An 
20 1498 Liq, An, Cor, 310.0 1336 An, Geh, Sp 

CA¢( ?) 15.0 52.0 3.0 30.0 1376 Liq 1.604 

2.0 1493 Liq, An, Cor, 4.0 1374 Liq, An, Geh, 
?) 

Cc Ag 

5.5 1491 Liq, An, Cor, 4.0 1360 Lig, Aa, Gen, 
CA,(?), Sp 

C A,(?), 

12.0 80.0 8.0 2.0 1498 Liq 1.589 Spt! 

16.0 1490 Liq, An, CAs 5.0 79.9 20.0 1.0 1581 Liq |. 904 

110.0 1475 Liq, An, CAs, 3.7 1563 Liq, Sp 
Cor 20.0 1542 Liq, Sp, Cor 

11.0 1450 Liq, An, CAs, 37.0 53.0 10.0 36.0 1434 Liq 1.604 

Cor 292.0 1425 Liq, Sp 

12.0 1360 Liq(?), An, 24.0 1410 Liq, Sp 
Sp 

22.0 1404 Liq, Sp, C A, 

27) 66.0 70 13.0 1466 Liq 1 596 44.0 18.0 8.0 24.0 1410 Liq 1. 606 

5.0 1455 Liq, An 6.0 1404 Liq, Sp 
12.0 1447 Liq, An, CA 5.0 1388 Lig, 5p 

11.0 1437 Liq, An, CAs, 
72.0 1380 Liq, Sp, CA¢ 

Cor 8.0 1371 Liq, Sp, CAs, 

14.0 1414 Liq, An, CAs, Geh 
Cor 62.0 24.0 14.0 2.0 1530 Liq 1.620 

12.0 1375 Lig, An, CAs, 1.0 1526 Liq, Sp 
Sp 6.0 1485 Liq, Sp 

35.0 60.0 5.0 36.0 1434 Liq 1.601 22.0 1483 Liq, Sp, Geh 

12.0 1425 Liq, An 82.0 1359 Liq, Sp, Geh 
100.0 1417 Liq, An 33.0 1355 Sp, Geh, An 

15.0 1392 Liq, An, CAs 20 84.0 14.0 1.0 1581 Liq | 587 

93.0 1371 Liq, An, CAs 1.5 1566 Liq, Cor 

14.0 1349 An, Geh, Sp 2.0 81.0 17.0 1.0 1580 Liq, Cor 1. 589 

228) 58.0 4.0 220 1411 Liq 1.601 5.0 86.0 9.0 1.5 1520 Liq 1. 584 

12.0 1405 Liq, An 2.5 1516 Liq, Ko 
48.0 1389 Liq, An 2.0 1509 Liq, cor 

18.0 1384 Lig, An, Cor(? 15.0 1504 Liq, Cor, An 
60.0 1363 Liq, An, Geh, 4.0 1404 Lig, Cor’), 

Cor(?) 

& As, An, Sp 

46.0 1355 Liq(?), An, 12.0 1375 Lig, CAs, An, 

240.0 1331 An, Geh, Sp 5.0 89.0 12.0 3.7 1563 Liq 
97.0 1545 Liq, Cor 

12.0 1504 Liq, Cor 

18.0 1404 Liq, Cor, Sp, 
An 

5.0 80.0 15.0 1563 Liq 1 

20.0 1542 Liq, Cor 
12.0 1504 Liq, Cor 

1404 Liq(?), Sp, An 

* Abbreviations used: Liq = liquid, Geh = gehlenite, 7 

CA, = CaO-6Al,0;, An = anorthite, Sp = spinel, Cor = 

corundum. 
+ Refractive indices measured on the quenched glasses in white 

light. 
(Table II continued on following page) | 
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Table Il (continued) Table Il (concluded) 

Refrac Refrac 
tive tive 

Composition (wt. %%) index Composition (wt. “)) index 

CasAh- CaAlh Time Temp quenched CarAle- CaAl> Time Temp 
SiOn SieOs MgAhOx (hr.) (°C.) Phases present * glasst SiO; SieOs MgAlsOx (hr.) (°C Phases present * glasst 

6.0 77.0 17.0 2.5 1554 Lig 1.50%) 35.0 56.0 9.0 36.0 1450 Lig 1.603 
1.0 1547 Liq, Cor 40.0 1445 Lig, CA, 
1.0 1525 Liq, Cor 60.0 1411 Lig, CAs 

15.0 1499 Liq, Cor, Sp 190.0 1402 Liq, CAs, Sp 
23.0 1475 Liq, Cor, Sp 12.0 1390 Liq,CAe,Sp , 
10.0 1450 Liq, Sp, An 15.0 1385 Liq, Sp, 
12.0 1375 Liq, Sp, An An 

8.0 82.0 10.0 1.0 1545 Liq 1.587 42.0 1360 Liq, CAg, Sp, 
12.0 1509 Lig, Cor, An 

CAg( ? 120.0 1339 Sp, An, Geh 
2.0 1498 Liq, Cor, 36.5 56.0 7.5 24.0 1439 Liq, CAs 

CAg( ?) 37.0 55.0 8.0 20.0 1486 Liq 1.604 

23.0 1488 Liq, Cor, CAg, 12.0 1428 Liq, CA, 
An 10.0 13879 Liq, CAs 

20.0 1463 Liq, Cor, CAg, 8.0 1371 Liq, Sp 

An 11.0 1369 Liq, CAg, Sp, 
12.0 78.0 10.0 2.0 1545 Liq 1.589 An 

3.5 1502 Liq, Cor 60.0 1354 Liq(?), Sp, An, 
140.0 1494 Liq, Cor Geh 
16.0 1490 Liq, Cor, CAg, 38.0 56.0 6.0 36.0 1443 Liq 1.603 

An 12.0 1428 Liq, CAs 
100.0 1456 Liq, Cor, CAg, 12.0 1405 Liq, CAs 

An 17.0 1398 Lig, CAs, An 
12.0 72.0 16.0 27.0 1545 Liq 1.594 18.0 1384 Liq, CAg, An 

2.5 1535 Liq, Cor, CA, 60.0 13638 Lig, CAs, An, 

5.0 1517 Liq, Sp, CAzs, Geh 
Cor(?) 46.0 1355 Liq(?), An, 

3.0 1475 Liq, Sp, CAs Geh, Sp 
5.0 1450 Liq, Sp, CAg, 120.0 1339 An, Geh, Sp 

An 38.0 54.0 8.0 36.0 1434 Liq 1.603 
11.0 1437 Liq, Sp, An 12.0 1425 Liq, CAs 
70.0 1373 Liq, Sp, An 48.0 1389 Liq, CAs 
125.0 1351. Liq(?),Sp, An 60.0 1376 Liq, CAg¢, An, 

14.0 75.0 11.0 42.0 1522 Liq 1.592 Sp 

2.5 1502 Liq, CAg, Cor 120.0 1339 An, Sp, Geh 
3.0 1475 Liq, CAs, Cor 40.0 55.0 5.0 14.0 1409 Liq 1.603 

48.0 1441 Liq, CAg, Cor, 13.0 1404 Lig, CAs 
An, Sp 10.0 1379 Liq, CAs 

12.0 1375 Liq, CAg, An, 12.0 1377 Liq, CA¢, An 
Sp 46.0 1355 Liq, CA¢, An, 

18.5 68.5 13.0 12.0 1500 Liq, CAs, Cor Geh 
21.0 68.5 10.5 12.0 1475 Liq, CA¢, Cor 192.0 1329 An, Geh, Sp 
23.0 68.0 9.0 23.0 1475 Lig 1.595 10.0 53.0 7.0 12.0 1406 Liq 1.604 

24.0 1468 Liq, CA; 85.0 1396 Liq, CA, 
100.0 1456 Liq, Cor 60.0 1376 Liq, CA, 
15.0 1425 Liq, CAg, Cor, 40.0 1363 Liq, CAs, An 

Sp, An 46.0 1355 Liq(?), An, 
9.0 1350 Liq, CAg, Cor, Geh, Sp 

Sp, An 192.0 1329 An, Geh, Sp 
26.5 63.5 10.0 24.0 1459 Liq, CAs 11.0. 51.0 8.0 24.0 1412 Liq 1.605 

30.0 63.0 7.0 105.0 1441 Liq 1.599 22.0 1404 Liq, CAs 
18.0 1486 Lig, CAs, An 30.0 1376 Liq, CAs, Sp 
11.0 13889 Liq, CAs, An 144.0 1341 Sp, An, Geh 

114.0 1372 Liq, CAg¢, An, 43.0 52.0 5.0 14.0 1385 Liq 1.604 
Sp 30.0 1376 Lig, CAg 

20.0 1348 An, Sp, Geh 60.0 1369 Liq, CA, 
30.0 59.0 11.0 12.0 1466 Liq 1.603 16.0 1361 Liq, CAs. An, 

4.0 1460 Lig, CAs, Sp Geh 
105.0 1441 Liq, Sp 440 50.0 6.0 16.0 1385 Liq 1.606 

42.0 1360 Liq, CAs, Sp, 12.0 1381 Lig, CAs 
An 10.0 1375 Liq, CAs, Geh 

35.0 58.0 7.0 130.0 1440 Liq 1.602 12.0 1365 Liq, CAs, Geh 
100.0 1417 Liq, CAs 24.0 1350 Liq, CAs, Geh, 
11.0 1404 Liq, CA, An 
15.0 13892 Liq, An 5.0 51.0 12.0 1395 Liq 1.604 

240.0 1377 Liq, CAg¢, An, 45.0 1390 Liq, CAs 
Sp 4.5 1872 Liq, CAs 

648.0 1370 Liq, An, 20.0 1348 Trace Liq, 

Sp trace CAg, 

90.0 1345 An, Sp, Geh Geh, An 

* Abbreviations used: Liq = liquid, Geh =  gehlenite, 
CAs = CaO-6Al,0;, An = anorthite, Sp = spinel, Cor = 

corundum. 
T Refractive indices measured on the quenched glasses in white 

light. 
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Table Ill. 

System 

Significant Data from Quenching Runs for Mix- 
tures on the Join Ca,Al,SiO;-MgAl,O,-Al,O; 

Composition (wt. %) 

ac Ale Time Temp 
MgAhO, (hr.) (%S.) 

9.0 10.0 11.0 2.5 1525 

1.0 1524 

5.0 1517 

80.0 10.0 10.0 2.5 °*1530 

1.0 1525 

2.0 1514 

2.0 1509 
3.0 1475 

85.0 5.0 10.0 1.0 1560 

1.0 1558 

2.5 1524 

2.0 1514 
2.0 1498 

60.0 12.5 97 5 0.5 1625 

0.75 1552 

65.0 15.0 20.0 0.25 1625 

1.0 1593 
0.75 1583 

2.5 1525 

70.0 15.0 15.0 1.0 1593 

1.5 1582 
2.5 1550 

1.5 1537 

2.5 1524 

7.0 1499 
74.0 12.0 14.0 0.75 1571 

2.5 1553 
0.8 1538 

75.0 15.0 10.0 1.5 1582 

0.5 1578 

2.5 1517 

2.0 1513 
3.0 1475 

76.0 12.0 12.0 2 0 1553 

1.0 1538 

2.5 1525 
2 0 1509 

14.0 1505 

78.5 12.5 9.0 1.0 1538 

2.5 1533 

2.5 1525 

5.0 1517 

* Abbreviations have same meaning as in 

iddition of CAs = CaO-2AlLO0 

Fig. 8. Equilibrium diagram for 

the join 

Al,O;. Dots indicate compositions 

of mixtures studied (Table Il). 

Phases present * 

Liq 
Liq, Geh 
Lig, Geh, CAo, 

Lig 
Liq, Geh 
Liq, Geh 
Liq, Geh, Sp, CA» 

Liq, Geh, Sp, 
Liq 
Liq, Geh 
Liq, Geh 
Liq, Geh, CA» 
Lig, Geh, CAs, Sp 
Liq, Sp, CAe 

Liq, Sp, CA» 
Liq, Sp 
Liq, Sp 
Liq, Sp, C 
Liq, Sp, C 
Liq 

Liq, Sp 
Liq, Sp, CAs, Geh 
Liq, Sp, CA», Geh 
Liq 
Liq, Sp 
Liq, Sp 
Liq, Sp, CA» 
Liq, Sp, CAs, Geh 
Liq, Sp 
Liq, Sp 
Liq, Sp, Geh 
Lig, Sp, Geh, CA» 

Table II, with the 

Table Ill (concluded) 

Composition (wt. %) 

CasAl Time Temp 
SiO MgAhO, hr (°C Phases present* 

65.0 30.0 0.25 1625 Liq,CA 
1.0 1571 Liq, CAs 

65.0 10.0 25.0 0.7 1601 Liq, CA, 

1.0 1550 Liq, CAs, Sp 
70.0 10.0 20.0 0.75 1571 Liq 

0.75 1559 Liq, CA 
75.0 5.0 20.0 1.0 1573 Liq 

1.0 1560 Liq, CA, 
1.0 1547 Liq CAs» 

75.0 10.0 15.0 1.5 1543 Liq 

1.0 1540 Lig, CA 
80.0 5.0 15.0 17.0 1534 Lig 

2.0 1530 Liq, CAs, Geh 
30.0 1517 Liq, CAs, Geh 
2.0 1499 Liq, CA», Geh, Sp 

60.0 5.0 35.0 0.05 1670 Liq 

0.05 1650 Liq, CAs, CAs 
0.25 1625 Liq, CAs, CAs 

60.0 10.0 30.0 0.5 1625 Liq, CAg, CAs 
0.5 1600 Liq, CAs, CAs, Sp 
1.0 1571 Liq, CAs, CAs, Sp 

Vi. Discussion 

On examination of the triangular joins in the high-alumina 

part of the tetrahedron (Figs. 4, 5, 7, and 8) along with data 

available for the bounding ternary systems, conclusions can 

be drawn with respect to the distribution of liquidus temper 
atures, univariant lines, and invariant points. The large 
high-temperature field of spinel on the MgO-Al,O3-SiOQ» face 

becomes a predominating volume in the high-alumina part of 

the tetrahedron. In contrast, the primary phase volumes of 
anorthite and the aluminates extend from the CaQO-Al,O;- 

SiO, face only a short distance into the tetrahedron. Quater 
nary invariant points, univariant lines, and the low liquidus 
temperatures are therefore to be found near the CaQ-Al,O; 
SiO. face, or, in other words, in regions of very low magnesia 

content. By the construction of a plastic model of this part 
of the tetrahedron, incorporating within it all available liqui 
dus data, the positions of invariant points and univariant 
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HIGH Al,0, INVARIANT POINTS AND UNIVARIANT LINES 

CAs Cig An 
Cag Geh Cor Cor 

Geh An An Mull 

CA, Cag Chg Cor Cor 

1350 —-— An 1400 An 1475 Mull 

Sp Sp Sp Sp Muill/ Sp Sp 

CAe Geh Mull 

Geh An Cor An 

Sp Sp Sp Sp 

Cad 30 30 26 15 CeO 

MgO i 2 3 5 MgO 

Al,05 44 36 36 35 

SiO, 25 32 35 45 SiO, 

Fig. 9. Schematic diagram to illustrate relations of quaternary liquidus 

invariant points and univariant lines in the high-alumina part of the system 

Arrows indicate direction of falling tempero- 
ture along univoriant lines. The temperature of each invariant point in 

degrees centigrade is shown by the figure at the intersection of four lines. 

The composition of the liquid at each invariant point can be read from the 

table in the lower part of the figure. The crystalline phases coexisting 

along each ynivariant line and at each invariant point are given by the 

abbreviations which have the following meanings: CA; = 2AlbO;, 

CAs = CaO-6AL0;, Geh = gehlenite, Sp = spinel, An = anorthite, 

Cor = corundum, Mull = mullite. 

lines and the distribution of liquidus temperatures were ap- 
proximately established. 

The four quaternary invariant points existing at alumina 
contents of 35% or more are illustrated in Fig. 9, following a 

scheme used by Schairer.” The estimated composition of 
each point is listed at the bottom of the diagram. The esti 
mated temperature in degrees centigrade is given as the figure 

at the intersection of the four lines. The three crystalline 
phases coexisting with liquid along each univariant line and 

the four at each invariant point are indicated. Direction of 
falling temperature along a univariant line is shown by the 
arrow. An invariant point is a eutectic only when the four 
intersecting univariant lines have slopes toward the point. 
These are therefore all quaternary peritectic points. 

The very low magnesia and nearly constant alumina con 
tent of these invariant points is noteworthy. Temperatures 
of the points also are within the rather short range of 1350° 
to 1475°C. The first liquid to form on heating any mixture 
in the high-alumina part of the tetrahedron will therefore con- 
tain only a very few per cent of MgO, and always from 35 to 
144% Al,Os, and the liquid will appear between 1350° and 
1475°C. Not only does spinel predominate as the primary 
phase in this part of the tetrahedron, but it also appears as a 
crystalline phase at all four of the invariant points and is 
therefore a constituent of all crystalline mixtures. 

Determining by geometrical means the phase composition 
of a mixture in the tetrahedron as a function of temperature 

presents a problem because of the necessity of estimating 

positions of points in space. However, by constructing a tet 
rahedron containing inner tetrahedra and applying relatively 
simple geometric relations, information can be obtained for 
any mixture which will be precise enough for most applica 
tions. For the part of the tetrahedron under consideration 
there are four inner tetrahedra, corresponding to the four in- 
variant points of Fig. 9. These are composition tetrahedra 

% J. F. Schairer, ‘‘The System CaO—-FeO-Al,O;-SiO,.: I, Re- 

sults of Quenching Experiments on Five Joins,”’ J. Am. Ceram. 
Soc., 25 [10] 241-74 (June 1, 1942). 

Vol. 40, No. | 
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Fig. 10. The system CaQ-MgO-Al-O;-SiOz as a tetrahedron containing 

a plane with a CaO : MgO ratio of one. 
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Fig. 11. Diagram to illustrate a method of determining the coexisting 

crystalline phases, temperature, and liquid composition at the first appear- 

ance ot liquid on heating a mixture under equilibrium conditions for the 

family of mixtures having a CaO : MgO ratio of one. The large triangle 

is the shaded plane shown in Fig. 10. Lines on this triangle are traces of 

the intersections of composition tetrahedra with this plane. Compositions 

within o subtriangle are composed of the crystalline phases as indicated at 

the temperature shown in equilibrium with a liquid of composition which can 

be read from Fig. 9. 

corresponding to composition triangles in a ternary system. 
On equilibrium crystallization of a mixture in one of these 
tetrahedra the composition and temperature of the last liquid 
and the four crystalline phases coexisting below the solidus 
can be read directly from Fig. 9. If, for example, a mixture 
lies within the tetrahedron having as apices the compounds 
corundum, CaO-6Al1,O3, anorthite, and spinel (Fig. 9), it will 
be composed below the solidus of these four compounds; on 

heating, liquid will appear at 1400°C., and the composition of 
the liquid will be 26CaO, 3MgO, 36A1,0;, and 35SiO2. Esti 

mation of the phase composition of the mixture at higher tem 
peratures is possible if existing data are approximately plotted. 

Construction of a series of planes through the tetrahedron 
may in some cases be the most convenient means of estimating 

l 
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he phase composition of mixtures. To illustrate, in Fig. 10 

is shown a plane through the tetrahedron having the con- 
stant ratio of CaO: MgO of one. On this plane can be drawn 
the traces of composition planes, dividing the former into 
riangular areas corresponding to the various tetrahedra cut 
by this plane (see Fig. 11). Where the CaO: MgO ratio is 

one, therefore, a composition can be located very quickly with 
respect to its composition tetrahedron. A similar plot for 
‘ther ratios can be constructed. As examples of the use of 
this diagram (Fig. 11), take points (a) and (6). The mixture 

a) having the composition 90A1,0;, 4SiO2, 3CaO, and 3MgO 

will under equilibrium conditions at a temperature of 1400°C. 
be composed of crystals of corundum, anorthite, spinel, and 
lime hexaluminate along with a liquid of composition 26CaO, 
3MgO, 36A1,03, and 35SiO.. Mixture (b) (90AL,03, 6Si0>, 

2CaO, and 2MgO) at 1475°C. has corundum, anorthite, mul- 

lite, and spinel in equilibrium with a liquid of composition 
15CaO, 5MgO, 35A1,03, and 45SiO¢. 

Vil. Conclusion 

A somewhat neglected part of the tetrahedron representing 

the quaternary system CaO-MgQO-Al,0;-SiO, has been the 

Samarium Oxide and Gadolinium Oxide 15 

alumina apex region. The present studies of triangular joins 
in the tetrahedron were made in order to get a picture of the 

general distribution of liquidus temperatures and primary 
phase fields, and to find the approximate location, tempera- 
ture, and nature of each quaternary invariant point in this 
high-alumina part of the quaternary system. 

Four quaternary invariant points exist. All are peritectics. 
All lie close to the CaO-Al,03-SiO, face of the tetrahedron, con- 
taining 5% MgO or less and 35 to 44% AlO;. Tempera- 
tures of the invariant points range from 1350° to 1475°C. 
Thus no matter how high in alumina the initial composition, 
the first liquid will form in this relatively narrow temperature 
range and will always contain about 40% Al,Os. 

The relationship of univariant lines to invariant points is 
shown schematically in Fig. 9, along with the composition and 
temperature of each invariant point. 

This high-alumina part of the tetrahedron is dominated by 
the large primary phase volume of spinel. In most of the vol 
ume considered, spinel is the primary phase and liquidus tem 
peratures are high. Spinel is also a phase at each of the four 
invariant points, and consequently is a constituent in all 
crystalline mixtures in this part of the tetrahedron 

Ceramic Properties of Samarium Oxide and Gadolinium 
Oxide; X-Ray Studies of Other Rare-Earth Oxides 

and Some Compounds 
by C. E. CURTIS and J. R. JOHNSON 

Ceramic Laboratory, Metallurgy Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee 

Samarium oxide forms a ceramic of medium 
strength and density (6.0) when it is fired at 
1300°C. When it is fired at 1500°C., its den- 
sity is increased to 7.4 but it loses its stability 
toward boiling water. X-ray data are given con- 
cerning the structure of the oxide as received and 
at 1300°C. and of the reaction product of Sm,O; 
with water. Gadolinium oxide forms a ceramic 
of somewhat higher density (7.0) at 1300° than 
does Sm,O;; at 1500°C. its density is slightly 
higher (7.6) whereas its stability toward water 
is unchanged. Data concerning both oxides in- 
clude density, shrinkage, moduli of elasticity 
and of rupture, linear thermal expansion, dif- 
ferential thermal analysis, and specific heat as 
well as X-ray data. Results are given of a brief 
survey of the reaction products obtained when 
Sm.O; and Gd,O; are heated at 1500°C. in equi- 
molecular quantities with Al,O;, BaO, CaO, 
CdO, Fe.0O;, HfO., MgO, SiO., SrO, ThO,, and 
ZrO,.. X-ray data for the following rare-earth 
oxides as received and after calcination at 1400°C. 
are given: ceria, praseodymia, neodymia, euro- 
pia, dysprosia, holmia, erbia, thulia, and 

ytterbia. 

l. Introduction 

N VIEW of the increasing interest in ceramics with highly 
specialized qualities it is worth while to continue the in 
vestigation of various materials hitherto neglected because 

of their scarcity or costliness, or both.* Among these materials 

are the oxides of fourteen rare-earth elements, atomic num 

bers 58 to 71 of the periodic system. These elements in the 
order of increasing atomic numbers are: cerium, praseodym 
ium, neodymium, promethium, samarium, europium, gado 

This paper includes information presented in ‘Ceramic Prod 
ucts of Samarium Oxide and Gadolinium Oxide” by C. E. Curtis, 
Fifty-Seventh Annual Meeting, The American Ceramic Society, 

Cincinnati, Ohio, April 25, 1955 (Basic Science Division, No. 9 
Received October 21, 1955; revised copy received June 21, 1956 

At the time this work was done, the authors were, respec 
tively, ceramic engineer and technical advisor, Ceramic Lab 

oratory, Metallurgy Division, Oak Ridge National Laboratory 
J. R. Johnson is now with the Minnesota Mining and Manufac 

turing Company, Saint Paul, Minn 

* For a study of HfO, by the Oak Ridge National Laboratory, 

see “Some Properties of Hafnium Oxide, Hafnium Silicate, 
Calcium Hafnate, and Hafnium Carbide’ by C. E. Curtis, L 
M. Doney, and J. R. Johnson (J. Am. Ceram. Soc., 37 (10) 458-65 
(1954) 
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Table |. Spectrographic Analysis of Sm.O; and Gd.O; 

proportions of (proportions of 
Ingredient Atomic No ingredient) ingredient) 

Yttrium 39 Less than 0.05 0.2 

Lanthanum 57 Less than 0.05 Less than 0.05 

Cerium 58 0.5 

Praseodymium 59 Less than 0.2 Less than 0.1 
Neodymium 60 Less than 0.5 0.5 
Promethium 61 

Samarium 62 0.5 
Europium 63 0.4 0.5 

Gadolinium 64 0.3 
Terbium 65 Less than 0.1 2.0 
Dysprosium 66 Less than 0.2 0.5 
Holmium 67 Less than 0.2 Less than 0.5 

Erbium 68 Less than 0.05 Less than 0.05 

Thulium 69 

Ytterbium 70 Less than 0.05 Less than 0.05 

Lutecium 71 0.05 

linium, terbium, dysprosium, holmium, erbium, thulium, 
ytterbium, and lutecium. 

The rare-earth oxides have not hitherto received much at 
tention as ceramic materials, mainly because of their costliness 
and unavailability. Most of the elements are scarce and 
separation of the individual elements, particularly from other 
rare earths, is usually difficult because of the close chemical 
relationship between them. In the purification process, re 
liance must be placed on certain small differences in the solu 
bility of their compounds, on differences in oxidation state, 
or mass, or on the decrease in atomic dimensions with in 

creasing atomic number (the well-known ‘‘lanthanide con 

traction’’).! 
_ Of the rare-earth oxides investigated, only samarium oxide 
and gadolinium oxide were available in sufficient quantity to 
permit the fabrication of test pieces. These two oxides are of 
special interest, however, because they have very high ther- 
mal neutron cross sections (6500 and 40,000 barns, respec 

tively).? 
Other rare-earth oxides available in quantities sufficient to 

permit X-ray diffraction studies only included Nd.O 3, EusQOs, 

Dy20s3, Ho.O3, ErzOs, Tm,03, Yb.O;, and a very pure sample 

of CeQOr. 

ll. Samarium Oxide 

(1) Spectrographic Analysis 
Samarium oxide was received in the form of a slightly 

yellow white powder. Impurities were other rare earths close 
to samarium in atomic number; probably none were present 
in sufficient quantity to exert much influence on the proper- 
ties of the samarium oxide (Table I). 

(2) Microscopy 
Under the microscope the Sm,O; was found to consist of 

crystals | to 2 w in average diameter; they were transparent 
and colorless and had an index of refraction of approximately 
1.82. Optical properties were difficult to obtain because of 
the small size of the crystals, but it was determined that most 
of the sample was anisotropic. This conclusion was veri- 
fied by X-ray data which showed that the material was a mix- 
ture of noncubic and cubic forms. 

After a heat-treatment at 1600°C. the crystals were still too 
small for detailed study except to note that they were aniso- 

1D. M. Yost, H. R. Russell, Jr., and C. S. Garner, Rare-Earth 

Elements and Their Compounds, Fig. 1, p. 7. John Wiley & 
Sons, Inc., New York, 1947. 92 pp.; Ceram. Abstr., 1948, 
February, p. 45e. 

2 J. R. Bradford, Chart of the Isotopes, Harshaw Scientific Co., 
Cleveland, Ohio, 1953. 
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Table Il. Properties of Sm:O; Fired at 1300° and 
at 1500°C. 

Firing temp. (°C 

Properties 1200 1500 

Fired color Tan Tan 
Total shrinkage (%) 10.6 17.0 
Density (bulk) (gm./cm.*)* 6.0 7.4 
Porosity (apparent) (%) 23.0 4.1 
Modulus of rupture at room temp 

(Ib./sq. in.) 1800 2000 
Modulus of elasticity (sonic) at room 

temp. (Ib./sq. in.) 26.5 108 
Coefficient of linear thermal expan- 

sion (100°—1000°C.) (in. /in./°C.) 9.9 107 

* By displacement in water or kerosene. 

tropic with a birefringence of 0.005. After heating for three 
hours at 1700°C. the crystals had grown to 10 to 20 uw in 
diameter and were biaxial negative with 2V = 10° to 20°: 

the indices of refraction were a = 2:04, y = 2.06. 

(3) Melting Temperature 

A melting temperature of 2350° + 50°C. (after approxi 
mate black-body correction) was obtained by heating a sin 

tered Sm,O; rod in air and observing the temperatures at 

which definite fluidity was visible with an optical pyrometer 
calibrated against a standardized lamp filament. For black 
body correction, the temperatures of the outside of the sample 
and inside a !/¢,-in. hole '/s in. deep were read at the same 

time at a number of different temperatures and the resulting 

curve was extrapolated to the melting temperature. 

(4) Specific Heat 

This property was determined by means of a sintered sam 
ple | in. long and '/,¢ in. in diameter using the ice calorimeter 
method. The values thus obtained were 0.0946 cal. per gm. 
in the temperature range 0° to 400°C., 0.962 cal. per gm. from 
0° to 800°C., and 0.0944 cal. per gm. from 0° to 1000°C. 

(5) Dielectric Properties 
At 1 ke. the dielectric constant of Sm.Qx;, as determined on 

silvered disks 0.5 in. in diameter and 0.04 in. thick fired at 
1550°C., was 21.5 and the power factor 0.03%. The tem- 
perature coefficient of capacity between —55° and +85°C. 
is essentially a straight line, coincident with the x-axis except 

for a dip to a —1 to 1'/s% at —35°C. and a peak to +2% 
at +65°C. At 1 me. a three-point thermocouple measure 
ment showed an increase in dielectric constant of 33 parts per 
million as the temperature changed from 24° to —55°C. and 
a decrease in dielectric constant of 61 parts per million as the 
temperature was raised from 24° to 85°C.* 

(6) Magnetic Properties 

Disks of Sm,O; fired at 1500°C. were attracted slightly by 
a magnet. 

(7) Differential Therm: Analysis 

No phase changes were detected by differential thermal 
analysis on heating the powder as received to 1130°C. in air. 

(8) Sintering Behavior 

In preparation for these determinations the Sm,O; powder 
with 2% dextrin and 5% water was pressed into bars 3 in. 

* These tests were conducted by the Research Laboratory of 
the American Lava Corporation, Chattanooga, Tenn., a sub- 

sidiary of the Minnesota Mining and Manufacturing Company, 
St. Paul, Minn. 
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is 00°C. 

Gadolinium Oxide 

1300°C. 15 00°C. 13 00°C. 

Semarium Oxide 

Fig. 1. Roare-earth ceramics. 

long, '/2 in. wide, and '/s in. thick under a pressure of 2700 

lb. per sq. in.; these bars were fired in a small oxyacety 
lene-fired furnace for 2 hours, one portion at 1300°C., another 
portion at 1500°C. The average properties of 5 bars in each 
case are given in Table I] 

Considerable sintering of Sm.O; occurred between 1300° 

and 1500°C. (Fig. 1) and it was not entirely complete at the 
latter temperature, as indicated by the porosity still present 
lable II). Cracking was rather bad in the case of the 

1500°C. specimens, possibly because high shrinkage was ac 
companied by rather low strength. The cracking tendency 

was remedied by regrinding the 1500°C. specimens to 200 

mesh size, re-pressing into bars as before, and refiring these 

specimens at 1500°C. Cracking was thus eliminated, but at 
the expense of over-all sintering, as was shown by the fact that 
the total shrinkage was reduced to 4% and the density was 

reduced to 5.74, whereas the porosity had increased to 26% 

(9) Crystal Lattice Data 
Che Sm,O, precipitate as received is apparently a mixture 

of two or more phases, one of which disappears at tempera 
tures above 1100°C. according to the high-temperature X 

ray spectrometer’; this phase is cubic, having the T1,O; 
structure‘ with an dp of 10.88 a.u. The crystal structure in 
dicated by the remaining lines (Table III) has not been inter 
preted, but it is not of the La,O; (hexagonal) type,® as might 

be expected, and there is a possibility it may be of pseudo 
rhombohedral symmetry. This unknown phase is the only 
phase present in the samples calcined at 1300°, 1500°, or 
700°C. 

(10) Reaction with Water 

Specimens prepared as described above and fired at 1300°C 
were stable in boiling water and in the open air. Those fired 

L. L. Quill, ‘‘Researches in Rare Earth Chemistry,”’ Record 
Chem Progr 151-63 ( 1950 

‘R. W. G. Wyckoff, Crystal Structures, Vol. I, Chapter \, 

“Structures of Complex Binary Compounds, R,,X,,"’; text p. 2, 

illustration p. 12. Interscience Publishers, Inc., New York, 1948 
600 pp.; Ceram. Abstr., 1949, April, p. 120: 

G. Brauer and H. Gradinger, ‘‘Heterotype Solid Solutions 
\mong Rare Earth Oxides, 1,’’ Z. anorg. u. allgem. Chem., 276, 
209-26 (1954) 
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Table Ill. Room-Temperature X-Ray Data for SmO; as 
Received and After Calcination at 1300°C. 

As received Calcined at 1300% 

d i ad i 

3.49 5 
3.44 5 3.44 5 

3.305 5 

3.20 30 3.20 30 

3.15° 90 

3.055 35 3.055 

2.99 40) 2.99 1) 
2 905* 25 2 905 25 

2.86 30 2. 86 30 

2.79 45 2.79 15 

2.72° 30 

2.57 10 

2.325 10 2.325 10 

2.215 10 2.215 10 

2.150 25 

1.93* 50 1.93 50 
1.805 1S 1.805 15 

1.78 5 

1.765 10 1.765 10 

1.710 20 1.710 20 

1.675 10 1.675 10 
1.665 1d 1.665 15 
1.64 30 1.64 30 

»a cubic structure * These values indexed as belonging t 

at 1500°C. were no longer stable, as shown by the fact that 

they disintegrated in boiling water, producing an alkaline solu 

tion. Similar pieces broke down in the open room after 
several months of exposure, producing a voluminous white 
powder. Further, the 1300°C. bars which were refired at 

1700°C. lost their previous stability toward boiling water 
No differences in X-ray patterns, other than small intensity 

changes, have been noted between the 1300° and the 1500°C 

Sm,O;; however, the behavior of the high-temperature spect 

men is similar to that of La,Os;, so that some phase transition 

may have occurred. The disintegrated product differed 
from Sm,QO; in the X-ray pattern but its symmetry has not 

vet been determined; a differential thermal analysis-weight 
loss test showed two exothermic peaks at 250° and 500°C 

respectively, with rapid and large weight losses occurring at 

each peak. The total weight loss in heating the material from 

room temperature to 1150°C. was 23.8% 

(11) Reactions with Other Oxides at 1500°C. 

Detailed tests of the behavior of Sm.Q; in contact with 

other oxides at high temperatures were not possible at this 

Table IV. Sm.O; Reactions with Various Oxides in Equi- 
molecular Mixtures at 1500°C. 

Oxide Observations 

A110, Simple cubic compound; ay = 3.73; probably perovskite 

structure (some a-Al.Q; still present 

BaO Probably compound; no BaO or Sm,O 

CaO _ Solid solution similar to high-temp. Sm,Q, in structure; 
no CaO or Sm,O 

 —High-temp. Sm,O,; only; CdO may have volatilized 

FeO; Well-formed crystals, magnetic; probably compound, 

possibly perovskite structure; no FesO,; or Sm,O 
HfO. Possibly some solid solution of high-temp. Sm OQ, stru 

ture; some HfO, 
MgO Possibly solid solution of high-temp. Sm,Q, structure 

no MgO 
S10, Possibly compound ; Sm,O, and SiQ, present 
SrO Probably compound; no SrO or Sm,O 
ThO, Solid solution, Sm for Th; ThO, lattice shrank; a» de 

creased from 5.60 to 5.57; Sm Oy, present 
ZrO. Possibly some solid solution of high-temp. Smo truc 

ture; possibly some 7rO 



18 Journal of The American Ceramic Society—Curtis and Johnson 

time; however, exploratory tests of binary reactions were 
made as follows: Equimolecular binary mixtures of Sm,O; 
with each of eleven other oxides were carefully blended in 325- 
mesh grain sizes and then were fired in small zircon crucibles 

to 1500°C. in air and held for two hours at that temperature. 
The cooled calcines were examined by petrography and by X- 
ray diffraction. 

The results are given in Table IV and may be summarized 
as follows: Under the given conditions Sm,Q; formed solid 

solutions with CaO, HfO., MgO, ThOs, and ZrO,.; it formed 

compounds with Al,O;, BaO, and SrO. The 
compounds with Al,O; and Fe,O; have what appears to be a 
perovskite structure and the Fe,O; compound is magnetic. 
Lack of reaction in the case of CdO was possibly due to volatil- 
ization of this oxide at temperatures below 1500°C. 

lll. Gadolinium Oxide 

(1) Spectrographic Analysis 
Gadolinium oxide was received as a slightly yellow powder 

consisting of particles close to 1 uw in diameter. The spectro- 
graph showed that most of the other rare earths were present; 
terbium, in particular, may have been present in sufficient 
quantity to affect the ceramic properties of the sintered 
Gd.O; (Table I). 

(2) Microscopy 
Under the microscope the oxide crystals as received were too 

fine for study; the calcined (1300°C.) oxide appeared as fine 
transparent colorless crystals whose small size (1 4) permitted 
only the observations that the index of refraction was approxi- 
mately 1.82 and the crystals were anisotropic. 

(3) Melting Temperature 

The melting temperature, determined as described above, 
was 2350° + 50°C., the same as that of Sm,Qs3. 

(4) Specific Heat 

The specific heat of gadolinium oxide (sintered at 1300°C.), 
determined by the ice calorimeter method, was 0.0779 cal. per 

gm. between 0° and 400°C., 0.0817 cal. per gm. between 0° 

and 800°C., and 0.0842 cal. per gm. between 0° and 1000°C. 

(5) Dielectric Properties 

A disk 0.671 in. in diameter was pressed from powder cal- 
cined at 1200°C.; this disk tended to warp when fired at 
1625° on platinum foil. It was silvered and tested for elec- 
trical properties. 

Although the disk was slightly porous, its dielectric constant 
at 1 ke. was 14.4 and its power factor was 1.55%. The 1-me. 
temperature coefficient curve between —55° and +85°C. 
was very erratic, showing a loss of 7!/2% capacity at —50°C. 
and rising to a peak of +6% at —15°C., dropping back to the 

x-axis and following it very closely until it dropped to —5% 
between +65° and +85°C. One megacycle measurement 

indicated a decrease in A of 112 parts per million between 
+24° and —50°C. and an increase of 14 parts per million 
between 24° and +85°C. 

(6) Magnetic Properties 

Disks of Gd,O; fired at 1500°C. were somewhat more 
strongly magnetic than those of Sm,Q3. 

(7) Differential Thermal Analysis 

Differential thermal analysis of the Gd,O; powder from 

room temperature to 1130°C. showed neither exothermic nor 
endothermic peaks. 

(8) Sintering Behavior 

Properties determined from Gd,O; bars prepared as pre- 
viously described for Sm,O; and fired at 1300° and 1500°C. 
are given in Table V. Gadolinium oxide was better sintered 
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at 1300° than was Sm,QO; at this temperature (Fig. 1) and the 
Gd,O; bars were stronger at both 1300° and 1500°C. A den- 

sity of 7.64 was obtained at 1500°C. 
As-received gadolinium oxide, dry-pressed in the form of 

bars, tended to crack when fired at 1500°C. When the oxide 
previously fired at 1500°C. was reground, pressed into bars, 
and refired at 1500°, the cracking tendency was decreased but 
at the expense of the over-all sintering, in that the density was 
lowered from 7.64, the value noted above, to 7.46 and the 
shrinkage to 8.8%. 

(9) Crystal Lattice Data 

The Gd,Q; precipitate as received, according to X-ray data, 
is cubic, having the T1.O; structure with ag = 10.79 a.u. At 
1300°C. and above, the cubic phase disappears; the structure 
remaining resembles that of the ‘“‘undetermined”’ Sm,O; phase 
(Table VI). 

(10) Reaction with Water 
No reaction with boiling water was observable in Gd,O; 

fired at either 1300° or 1500°C. 

(11) Reactions with Other Oxides-at 1500°C. 

As in the case of Sm,O;, exploratory tests were made for 
possible reactions of Gd,O; with AlO;, BaO, CaO, CdO, 

Fe.O3, HfOs, MgO, SiOs, SrO, ThOs, and ZrO». These oxides 

were carefully blended in equimolecular proportions with 
Gd.O;, and then were heated as detailed for Sm.O; at 1500°C. 

in air for 2 hours. The cooled calcines were examined by 

petrography and by X-ray diffractici. 
The results shown in Table VII indicate that under the 

given conditions Gd.O; is similar to Sm.O; in forming com- 

pounds with Al,O3, Fe2O3, SiO2, and SrO, and in forming solid 

solutions with CaO, HfO., ThOs, and ZrO... In the 

Gd.O;-BaO composition an undetermined phase was present. 
In the case of the Gd.O;-CdO composition, the CdO had 

probably volatilized below 1500°C. since no effect of its 
presence was noted. MgO, contrary to its behavior with 
Sm,O;, did not form a reaction product with Gd.O;. The 

Gd.O;-Al,O; and Gd.O;-Fe,0; compounds have the perovskite 

structure and the latter compound was attracted by a 
magnet. 

IV. Mixed Rare-Earth Oxides 

A mixture of rare-earth oxides that is commercially avail 

- able* and which consists mainly of Sm,O; and Gd.O; (Table 

VIII) was studied briefly for its ceramic properties. It was 
necessary to precalcine a portion to 1400°C. to obtain coarser 
particles in order to dry-press the powder successfully. One 
part of uncalcined and three parts of calcined material dry- 
pressed at 4000 Ib. per sq. in. and sintered at 1500°C. in a 
gas-fired furnace yielded buff-colored ceramics of good strength 

and a density of approximately 6.60. These were stable 
toward atmospheric moisture after three months of exposure. 

V. Other Rare-Earth Oxides 

Only very small amounts were available (less than 0.5 gm.) 
of the oxides of Ce (especially pure), Pr, Nd, Eu, Gd, Dy, 
Ho, Er, Tm, and Yb. It was possible, therefore, to conduct 
only X-ray diffraction studies of the material as received and 

after calcination at 1400°C. for 1 hour. The X-ray data are 
given in Table IX. 

There were only two phases observed in these studies: the 
cubic and undetermined structures as reported for Sm.O; and 

Gd,O;. Apparently, in the case of the low-calcined precipi- 
tated rare-earth oxides, the undetermined structure is present 
from La,O; to Sm,O;; the Sm.O; is a mixture of the cubic and 

* Obtained from Lindsay Chemical Company, West Chicago, 
Ill., Code No. 920. 
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Table V. Properties of GdsO; Fired at 1300° and 1500°C. 

Firing temp. (°C.) 

Properties 1300 1500 

Fired color Dark brown Dark brown 
rotal shrinkage (%) 21.1 23.3 
Density (bulk) (gm./cm.*) 6.97 7.64* 

Porosity (apparent) (%) 10.4 1.2 
Modulus of rupture at room temp. 

(Ib. /sq. in.) 2740 2840 
Modulus of elasticity (sonic) at 

room temp. (lb./sq. in.) 
Coefficient of linear thermal expan- 

sion (25°-1000°C.) (in./in./°C.) 10.5 X 10 

14.5 10° 18.0 X 168 

* Theoretical density of Gd.O,; is given as 7.407. The fact 
that the density here obtained is above theoretical is attributed 
to the presence of 2% terbium (Table I) 

Table Vi. Room-Temperature X-Ray Data for. Gd.O; 
as Received and After Calcination at 1300°C. 

As received Calcined at 1300°C 

Relative Relative 
d intensity d intensity 

3.13 100 3.40 10 

2.685 30 3.17 60 

2.115 10 3.03 50 

1.905 50 2.97 60 

1.635 40 2.87 30 

1.555 10 2.82 90 

1.35 10 2.75 100 

1.235 10 2.3 15 
2.20 20 

2.13 60 

1.91 70 
1.78 1) 

1.70 60 
1.66 20 

1.65 40 

1.57 30 

Structure: Cubic Unresolved 

the undetermined phase. On heating to 1400°C., the un 
determined phase is also formed in Eu,O; and Gd.O;. The 

cubic phase is the only one observed for the rare-earth oxides 
of Dy and oxides of the rare earths having higher atomic num 

bers. 

Vi. Conclusions 

The rare-earth oxides, Sm.O; and Gd.Os, either alone or in a 

64:26 ratio, sinter at 1300° to 1500°C. The fired prod 
ucts obtained from Sm.O; and Gd.O; at 1500°C. have mod 

erate strength (moduli of rupture, 2000 to 3000 Ib. per sq. in.), 
high densities (7.4 to 7.6), and rather high thermal expansion 

(9.9 and 10.5 X 10~*, respectively). The shrinkage in firing 

was high (17 to 23%), probably because of the fineness of the 
material as received. 

When fired at 1500°, Sm.O; ceramics react slowly with 

water; they do not react with water when fired at 1300°C 
X-ray data of Sm,O; and Gd.O; confirm the reported fact 

that a cubic phase is stable at room temperature and a phase 
change occurs at 1100° to 1300°C.; the structure of the new 

phase is as yet undetermined. 
The reactions of Sm.O; and Gd.O; are similar when these 

oxides are heated to 1500°C. in equimolecular proportions 
with various other oxides. Both form compounds with 
AlL,O;, BaO, FesO3, SiOo, and SrO. The alumina and iron 

compounds have the perovskite structure, previously ob- 
served with alumina in the case of Y.O;. The iron com 

Samarium Oxide and Gadolinium Oxide 19 

Table Vil. Gd.O; Reactions with Various Oxides in 
Equimolecular Mixtures at 1500°C. 

Oxide Observations 

ALO; Simple cubic compound; ay = 3.72; probably perovskite 

structure (some a-AlO; present 

BaO High-temp. Gd,O,; + trace BaO + undetermined 
CaO Solid solution like high-temp. Gd.O, + trace CaO 

CdO High-temp. Gd,O,; only; CdO may have volatilized 
Fe,O; Well-formed crystals; magnetic; probably compound, 

possibly perovskite structure; no Fe,O; or Gd,O 
HfQ, Probably some solid solution like high-temp. Gd,O, struc 

ture; no HfO, 

MgO High-temp. Gd.O; and some MgO 
SiO, Probably compound 
SrO Probably compound + trace Gd,O;, high-temp. form 

ThO, Solid solution, Gd for Th; ThO, lattice shrank: a) de 

creased from 5.60 to 5.53; also some cubic Gd,O,* 
ZrO, Probably solid solution of cubic ZrO, type and another 

of cubic Gd,O,; type; reaction probably not complete 

* Compare with Table IV of footnote 5 

Table Vill. Composition of Mixed Rare-Earth Oxides* 

Sm,QO; 63.8 

Gd,0; 26.3 

Dy,O; 1.8 
Nd.O 0.9 

Y.O, and other rare earths 

* Analysis furnished by producer, Lindsay Chemical Com 
pany, West Chicago, Ill 

Table IX. X-Ray Diffraction Data for Rare-Earth Oxides 

otructure 

after calcination 

As received 

Oxide Structure Cell size (a.u at 1400°C 

CeO, Face-centered cubic 5.395 Face-centered 

cubic 

Pr.O, Undetermined * Undetermined 

Nd.O Undetermined Undetermined 

(2 phases ) 

Undetermined + cubic 10.88 (cubic Undetermined 

Eu,O Cubic 10.84 Undetermined 

Gd,O Cubic 10.79 Undetermined 

Dy.O; Cubic 10.64 Cubic 
Cubic 10.58 

Er.O Cubic 10.52 Cubic 

Tm,O;, Cubic 10.46 Cubic 

Cubic 10.39 

* “Undetermined” in each case is probably the “B"’ phase of 

Goldschmidt (see footnote 5) 

pounds of Sm,O; and Gd,O; are magnetic. and Gd,O, 

form solid solutions with CaO, HfOs, ThOs, and Sm,.Os; 

forms solid solutions with MgO but Gd.O,; apparently does 
not. In general, materials whose ionic radii differ from the 

radii of the rare earths by not more than 20% form solid solu 

tions; otherwise, if they react, they form compounds 
X-ray diffraction data for low- and high-temperature forms 

are given in detail for Sm.O; and Gd.O;; in a study of all the 

rare-earth oxides (except Pm,O;, Tb.O;, and only a 

cubic structure and one of undetermined symmetry were 

found either in the as-received powder or after calcination at 
1400°C. 
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Strength Properties of Sintered Alumina in Relation to 
Porosity and Grain Size 

by IVAN B. CUTLER 

Department of Ceramic Engineering, University of Utah, Salt Lake City, Utah 

The strength properties of sintered alumina rods, 
as determined by modulus of rupture experi- 
ments, were measured for the purpose of find- 
ing the influence of grain size on strength. 
Sintering temperatures below and above the 
recrystallization temperature region were uti- 
lized in the fabrication of sintered alumina rods 
so that a wide variation of grain sizes could be 
tested. Porosity, measured as bulk density, 
had the largest influence on the moduli of rup- 
ture. No prominent change in strength could 
be observed as a result of recrystallization, but 
a minor decrease in strength could be attributed 
to an increase in void size or an increase in grain 

size. 

|. Introduction 

greatly influenced by grain size. Cold-working reduces 

grain size remarkably and, in addition to changing other 

important properties, increases the strength of a metal 
Subsequently, if subjected to extensive heating, the fine 
grained metal recrystallizes rather abruptly into large grains 
and its strength is decreased. Continued heating above the 

recrystallization temperature results in continued but gradual 
grain growth and a corresponding decrease in strength 

The recrystallization process for metals is illustrated in 
Fig.1 (from Sachs and Van Horn'). This figure schematically 

shows the relief of strain in a cold-worked metal, the forma 
tion of nuclei, and the growth of these nuclei until the section 

consists entirely of the new grain structure. The rates of 
nuclei formation compared to the subsequent growth rates 
determine the size of the recrystallized grains. Additional 
grain growth may occur at higher temperatures or at longer 
times; however, the rate of grain growth above the recrystal- 

lization temperature is generally slower and proceeds by a 
different mechanism. 

The ideas gained in metallurgical practice have carried over 

into ceramic investigations. The inference that specimens 
with large grains are weaker than corresponding specimens 
with small ones is apparent in the practice of adding alkaline 
earth oxides or fluorides, chromium oxide, or silicates to sin 
tered alumina as recrystallization inhibitors.2_ The principle 

| 1s well known that the physical properties of metals are 

Presented at the Fiftv-Eighth Annual Meeting, The American 

Ceramic Society, New York, N. Y., April 23, 1956 (Basic Science 

Division, No. 1 Received April 17, 1956; revised copy re- 

ceived July 17, 1956. 
This research was sponsored by the Atomic Energy Commission 

under Contract Project No. 9 

The author is associate professor, Department of Ceramic 
Engineering, University of Utah. 

' George Sachs and K. R. Van Horn, Practical Metallurgy, 
p. 139. American Society for Metals, Cleveland, 1940. 540 pp 

2(a) Felix Singer and Hans Thurnauer, ‘‘Sinter Alumina: 
I, Theoretical Aspects,’’ Metallurgia, 36 [215] 237-42 (1947); 

“II, Production and Application,” thid., [216] 313-15; Ceram 
Abstr., 1949, October, p. 232c. 

(b) W. A. Archibald and E. J. D. Smith, ‘“Superrefracto- 
ries’; pp. 536-91 of Ceramics—A Symposium, British Ceramic 
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ANNEALING TEMPERATURE 

Fig. 1. Schematic representation of recovery, recrys- 

tallization, and grain growth for metals (from Sachs 

and Van Horn, footnote 1). 

that small-grained specimens are stronger than large-grained 

specimens has not been tested in ceramic systems and is still 
open to investigation. 

An assumed analogy between the strength of metals and the 
strength of oxides may not be realized since the nature of the 
fracture of the two materials is very different—the one shows 
ductility and plastic flow before fracture and the other ex 
hibits brittle fracture. Evidence has been given’ to indicate 

that the fracture of sintered alumina results in the separation 
of individual grains; i.e., fractures run through grains and 

Society, Stoke-on-Trent, 1953. 877 pp.; Ceram. Abstr., 1954, 

April, p. 82¢ 
(c) W. Watt, A. L. Roberts, D. Turner, and C. H. Wheat 

ley, “Specialized Ceramic Materials with Particular Reference 
to Ceramic Gas Turbine Blades,’’ PB 63,820, 33 pp. (August 
1945); Joint Intelligence Objectives Agency, Mapleton House, 
Brooklyn, 1947; Ceram. Abstr., 1949, July, p. 168d 

3). P. Roberts, ‘Mechanical Breakdown of a Nonmetallic 
Polycrystalline Material Observed by Reflected-Light Micros 
copy,” Proc. Phys. Soc. (London), 62B [4] 248-50 (1949). 
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between grains equally well. If the grains of alumina were 

as strong as the grain boundaries, the number or size of the 

grains should have little influence on the strength of sintered 

alumina. This idea requires experimental verification before 
acceptance. An interesting method of investigation con 
cerns the measurement of strength before and after recrystalli 
zation since the greatest change in crystal size occurs in this 

time-temperature region. : 
In this report, ‘‘recrystallization’’ connotes the rather spec 

tacular growth of an entirely new set of alumina grains at 

high temperatures analogous to the recrystallization of metals 
at their annealing temperature. For metals, this process has 
been adequately described. Not all ceramists and mineralo 
gists have recognized the phenomenon in oxide systems. In 
their experiments with sintered alumina, Smothers and 
Reynolds’ and Cahoon and Christensen* described it, but 
neither group connected it with the recrystallization de 
scribed by metallurgists. Smothers and Reynolds described 
the process as follows: ‘‘Petrographic examination showed 
that when extreme grain growth occurred many of the larger 

grains were aggregates of smaller grains which had been re 

aligned.”’ Burke’ called attention to the recrystallization of 

sintered alumina in his discussion of the role of grain-boundary 

migration. Johnston and Palmer* described a phenomenon in 
a magnesium-manganese ferrite that is closely related to re 

crystallization in metals and in sintered alumina 
The object of this research was to investigate the strength 

of sintered alumina before, during, and after recrystalliza 

tion. It was expected that an abrupt discontinuity in the 
strength properties of sintered alumina would occur at the 

recrystallization temperature if grain size influenced strength 
markedly 

ll. Experimental Method 

The modulus of rupture was selected as the best method for 
measuring the strength properties of sintered alumina rods 
Jackman and Roberts® have adequately defended this method 
of strength testing. A four-point loading device in conjunc 
tion with a Baldwin testing machine was utilized for strength 

tests. Rods approximately 0.4 in. in diameter and 4 in. long 
were broken in the loading device having loading points at 

l-in. spacings. A Tate-Emery air cell extended the range of 
the Baldwin testing machine to the appropriate range 

rhe sintered alumina rods were fabricated by extrusion 
from several alumina bodies whose compositions are listed in 
Table I. The major constituent was Alcoa A-14 alumina 
wet-ground in a rubber-lined ball mill with alumina balls for 

tS hours. All bodies were made from the same charge of 

alumina. The MnO and TiO. chemicals were reagent grade 

a) J. E. Burke, “Fundamentals of Recrystallization and 

Grain Growth”; pp. 1-73 of Symposium on Grain Control in 
Industrial Metallurgy, American Society for Metals, Cleveland, 
1949 

b) A. G. Guy, Elements of Physical Metallurgy \ddi 

son-Wesley Press, Cambridge, Mass., 1951. 293 pp 
(c) R.F. Mehl, “Recrystallization’’; pp. 259-63 of Metals 

Handbook, American Society for Metals, Cleveland, 1948 
*W. J. Smothers and H. J. Reynolds, “Sintering and Grain 

Growth of Alumina,’’ J. Am. Ceram. Soc., 37 [12] 588-95 (1954 

®*H. P. Cahoon and C. J. Christensen, “Effect of Temper 
iture and Additives on Creep Properties and Recrystallization 

of Aluminum Oxide,’’ Technical Report No. 42, University of 
Utah; Research Contract N7-ONR—45101, Office of Naval 

Research, January 15, 1955 
J. E. Burke, “‘Role of Grain Boundaries in Sintering’; 

presented at the Fifty-Seventh Annual Meeting, The American 

Ceramic Society, Cincinnati, Ohio, April 27, 1955 (Basic Science 
Division, No. 21 

®*R. W. Johnston and G. G. Palmer, “Grain Growth in Mag 
nesium-Manganese Ferrite,’’ Ceram. Age, 67 [3] 16-19 (1956 

E. A. Jackman and J. P. Roberts, “Strength of Polycrystal 
line and Single-Crvstal Corundum,” Trans. Brit. Ceram. Sov 
54 389-98 (1955 
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Table |. Compositions of High-Alumina Bodies (%) 

Body AleOy MnO TiOs Hectorite 

\ 98 2 

B 2 
99 

D 99 

E 99 l 

In body B the MnO was added as MnO, and in body D as 

MnCOs;. The hectorite was an iron-free grade obtained from 

Hector, California. All body ingredients were mixed by wet 

ball milling for 2 hours 

Extrusion with ram-type equipment was carried out by mix 
ing the filtered and dried bodies with 2% organic binder 

(Elvanol 51-05) and water. This proved to be an important 

operation and very critical from the viewpoint of the resulting 
strength. Extreme care was necessary to produce acceptable 
extrusions and much time was consumed in experimentation 

before adequate safeguards of uniformity, humidity control 
and vacuum control were established. Figure 2 shows four 

extrusions (two of which appear to be equivalent) of the same 
body composition with slight alterations in water centent 

Fracture surfaces on bodies A-1 and A-4 

The void-ty pe defects 

and uniformity 

gave evidence of poor extrusions 
were traceable to the nonuniformity of the extruded rods 

It is recognized that surface conditions greatly affect the 

strength of brittle materials. Fortunately, the extrusion ap 

paratus was large enough to yield an adequate supply of rods 
for testing from a single extrusion. The dried rods from each 

extrusion were kept separate and were fired separatel\ Phe 
results reported here are for one extrusion for each body unless 

otherwise noted 

rhe sintering process was carried out in a semimufile gas 

fired kiln. The temperatures reported as firing temperatures 

were maintained for 2 hours by utilizing an optical pyrometer 

as the temperature sensing device 

After the firing and fracture of the specimens, thin sections 

were cut for petrographic analysis and bulk densities were de 

termined with the aid of a mercury hydrometer similar to the 

one utilized by Clark and White.” 

P. W. Clark and J. White, “Some Aspects « 

Trans. Brit. Ceram. Soc., 49 {[7| 305-33 (1950): ¢ 

1952, June, p. 118/ 
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Fig. 2. Effect of firing temperature and extrusion variables on modulus 

of rupture of sintered alumina containing 2 weight % titanium dioxide 

(bodies A—1 through A-4). Vertical dashed line represents temperature 
at which large grains predominated. Extrusions A-1 and A-4 had visible 

void-type defects on fracture surfaces. 
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Fig. 3. Effect of firing temperature on modulus of rupture of sintered 

alumina rods (bodies B through E). Vertical dashed lines represent 

temperature at which large grains predominated. 

Bod 

A-2 

1450 1500 1550 1606 1650 1700 
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Fig. 5. Photomicrographs of thin sections of sintered alumina rods (bodies A-1, 

A-2, A-3); crossed Nicols, < 22. 

1450 1500 1550 1600 1650 

FIRING TEMPERATURE, °C 

Fig. 4. Bulk densities of sintered alumina rods (bodies B through E) as a 

function of firing temperature. Vertical dashed lines represent tempera- 

ture at which large grains predominated. 

lll. Results and Discussion 

The results of the experiments are shown in Table II 
and in Figs. 3 and 4. Figures 5 and 6 are photo- 

micrographs of thin sections of the sintered alumina 
rods. The similarity of Figs. 3 and 4 indicates the im 
portant effect porosity has on the strength of sintered 

alumina. 
It should be remembered that the voids which are 

the result of the sintering process are not of constant size 
regardless of firing temperature. Firing at tempera 

tures above that necessary to reach maximum bulk den- 
sity may cause expanston of gases sealed within the voids 
(overfiring). Consequently, porosity, void size, and 

grain size varied throughout the experiments. A close 
comparison of Figs. 3 and 4 indicates that, above the 
temperature required to reach maximum density, the 

strength decreases more rapidly than the bulk den- 

Fig. 6. Photomicrographs of thin 

sections of sintered alumina rods 

(bodies B through €); crossed 

Nicols, X 22. 
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Table Il. Strength, Bulk Density, and Grain Size 

Modulus Approxi 
Firing Bulk of rupture No. of mate 
temp density (1000 rods grain 

Body (“2 (gm./cc.) Ib./sq. in.) broken size (u 

A-1 1500 3.49 9.06 2 1-5 

1550 3.75 23 .5 10 “ 

1600 3.80 21.6 16 
1650 3.76 19.2 5 600 

1700 3.72 17.5 7 650 
A-2 1450 3.34 31.0 10 1-5 

1500 3.62 30.3 8 

1500 3.55 28.8 7 aa 

1550 3.77 29.7 } 

A-3 1450 3.30 28 .2 4 

1500 3.55 31.1 6 

1550 3.75 31.2 s 
1600 3.79 31.0 9 

\-4 1550 3.42 2.5 5 

1600 3.72 16.1 12 

1700 3.66 9.53 6 650 

B-1 1500 3.55 24.8 9 1-5 

1550 3.67 32.8 4 

1600 3.81 30.7 7 
1700 3.70 28.8 11 1—400 

B-2 1450 3.37 23.9 7 1-5 
1500 3.60 29.7 7 

1550 3.74 33.4 7 

1550 3.76 31.8 4 

1600 3.80 29.3 

1650 3.79 33.0 4 
1700 3.63 27.0 2 1-400 

1800 3.66 25.4 bel 100 

1550 3.56 31.7 10 1-5 

1600 3.74 34.4 6 

1650 3.76 32.3 6 
1700 3.77 36.4 1-300 

1800 3.69 31.5 7 10 

D 1450 3.39 26.6 7 1-5 

1500 3.63 33.4 

1550 3.76 39.0 18 
1600 3.84 40.0 10 

1650 3 82 36.6 10 

1700 3.76 35.8 5 1—200 

L800 24.2 8 400 
E 1450 3.37 29.1 7 1-5 

1500 3.57 32.5 6 

1550 3.73 33.5 5 

1600 3.80 34.9 18 
1650 3.81 36.3 10 1-400 

1700 3.77 29.3 7 10 

1700 3.78 32.6 3 

sity. This could be the result of increased void size or of in 

creased grain size since recrystallization often occurs in this 

same temperature region 
Ryshkewitch,'' in his compression-strength experiments on 

sintered alumina, found that strength was an exponential 
function of porosity. The voids introduced into his sintered 
alumina with the addition of hydrogen peroxide were very 
large and uniform in size compared with those present as a re 
sult of sintering. In plotting strength as a function of poros 
ity for the experiments reported here, it was observed that the 
dependence of strength on porosity was so slight that a linear 
plot (Fig. 7) represented the data as well as a logarithmic cor 

' Eugene Ryshkewitch, “Compression Strength of Porous 

Sintered Alumina and Zirconia—9th Communication to Ceram 

ography,’’ J. Am. Ceram. Soc., 36 65-68 (1953 

Strength of Sintered Al,O3 in Relation to Porosity and Grain Size 23 

| 40 Body 

r 30 5 

40 +20 Og, 
= 

: | 30+ 

| = 

20+ 40 Body C 

Cc 

| 

40 +20 

Body 
5 

20 = i 4 J 

3.40 3.60 3.80 

Bulk Density (gm./cc) 

15.0 10.0 5.0 

Porosity (%) 

Fig. 7. Modulus of rupture of sintered alumina rods (bodies B through E) 

as a function of bulk density. 

relation. The slopes of the lines representing the dependence 
of strength on porosity are only one third as much as found by 
Ryshkewitch. A possible explanation for this difference is the 
size of the voids introduced into the sintered alumina 

The data presented in this report do not clearly distinguish 
between the effect of increasing void size and increasing crys 

tal size. They do indicate that strength is primarily a func 
tion of bulk density (porosity) and that recrystallization does 
not result in a distinct discontinuity in the strength data 

IV. Conclusion 

Strength, as measured by modulus of rupture tests on sev 
eral different compositions of sintered alumina, indicates a de 

pendence on porosity (bulk density). No sharp discon 

tinuity in the strength data was observed as a result of re 

crystallization into relatively large grains. However, since 

void size and crystal size increased as a result of sintering at 
temperatures higher than that necessary to reach maximum 

density, either one or both of these variables may have been 
a minor influence on the moduli of rupture reported here 
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Physical Effects of Auxiliary Fluxes in Aluminum Enamels 
by KARL KAUTZ, JOSEPH E. MICHELOTTI, and W. LEAS HOUSLEY 

Vitro Manufacturing Company, Pittsburgh, Pennsylvania 

Auxiliary flux additives to milled enamels for 
aluminum must serve (da) as an inhibitor or 
alkali ‘‘buffer’’ in enamel-metal reactions and 
(b) as a flux to aid rapid enamel fusion during 
the early stages of firing. Raw and fritted mix- 
tures were varied in two milled aluminum enam- 
els. The effects of these mixtures on the physi- 
cal properties, drying and firing characteristics, 
and water spalling resistance are tabulated. Re- 
sults indicate that the proper balance between 
alkali, B.O;, and SiO, functions best to meet these 

requirements. 

Il. Introduction 

cip-resistant vitreous enamels for aluminum and alu 
minum-rich alloys are made from high-expansion low 

melting frits which fuse at 1000°F. or lower. 
Owing to the high thermal expansion of aluminum as com 

pared with steel, an enamel frit high in alkalis is required in 
order to lower the compressive stress in the enamel. The 
high alkalinity which alkalis contribute to the mill liquor of 
finely ground enamels must be neutralized or ‘‘buffered’’ in 

order to retard aluminum-alkali reactions which often result 
in crawling, tearing, or microtearing of the enamel. 

An analysis of these metal-alkali reactions reveals two 
directions in the solution of this problem: (1) the formation 
of “‘passive’’ or insoluble oxide coatings over the surface of 
aluminum before enameling and (2) auxiliary fluxes incorpo 
rated in the enamel mill batch to ‘buffer’ or inhibit alkali- 
metal reactions. 

A further problem related to the high thermal expansion 
of aluminum involves tearing associated with enamel shrink 

age during firing. The rapid expansion of aluminum during 
heating tends to crack and to isolate small areas of enamel 

coating before fusion has taken plac Auxiliary fluxes pro 
mote rapid fusion of the coating during the early stages of 
firing. 

In attempting to solve these problems, Deyrup' used mix 
tures of sodium silicate, boric acid (or borax), and alkali hy 
droxides in amounts up to 10% with aluminum enamel frits 
of a definite composition. The mixture usually contained 
30 to 60% alkali metal oxide, 20 to 40% BOs, and 10 to 30% 
SiO», This was used in conjunction with aluminum-rich 
metal prefired after treatment in alkaline potassium chro 
mate* solution to make the surface inactive. 

Presented at the Fifty-Eighth Annual Meeting, The American 
Ceramic Society, New York, N. Y., April 25, 1956 (Enamel Divi 

sion, No. 17). Received April 25, 1956; revised copy received 
October 4, 1956 

At the time this work was done, the authors were, respectively, 
research director, assistant research director, and research engi- 

neer, Research Department, Ceramic Division, Vitro Manufac 
turing Company. J. E. Michelotti is now research engineer with 
the Aleoa Research Laboratories, Process Metallurgy Division, 
New Kensington, Pa 

‘A. J. Deyrup, ‘‘Modified Ceramic Enamel,’’ U. S. Pat 
2,653,877, September 29, 1953; Ceram. Abstr., 1954, March, p 
46b 

* A. J. Deyrup and J. H. Peterson, ‘‘Process for Enameling 

Aluminum-Rich Alloys,’”’ U. S. Pat. 2,544,139, March 6, 1951; 

Ceram. Abstr., 1951, November, p. 194) 
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Fig. 1. Fired enameled specimens showing tearing produced by 

metal-enamel slip reactions. (1) Degreased aluminum with prefiring; 

(2) degreased aluminum with no prefiring. (Half size.) 

Miller* recommended that a mixture of sodium metasilicate 

and boric acid be used as mill additions to aluminum enamel 

frit. A 6% addition of a 50:50 mixture gave the best re- 
sults. Mixtures of 40 to 60% sodium metasilicate and 60 to 

10° boric acid were investigated. 

The present investigation was undertaken to study more 

thoroughly the effect of various materials which have been 
suggested as auxiliary fluxes in milled aluminum enamels on 

acid and alkali solubility, acid resistance, gloss, drying and 

firing characteristics, and accelerated spalling resistance. 

ll. Preliminary Investigation 

The effect of wet-milled aluminum enamel frits on alumi 
num-rich metal is shown in the following series of photo 
micrographs. 

(1) Untreated Metal Without Flux Additions 

Figures 1, 2, and 3 show the effect of enamel slip, without 
addition of fluxes to the mill, on untreated metal. Figure | 

3G. E. Miller, ‘‘Mill Additions for Porcelain Enamel on 

Aluminum,” Proc. Porcelain Enamel Inst. Forum, 17, 44-45 
(1955). 
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Fig. 2. Fired enameled specimens with no metal prefiring showing 

effect of coating thickness on metal-enamel slip reactions. (1) Light 

application; (2) heavy application. (1! 

illustrates the fired effects of the mill liquor reaction on de 
greased aluminum-rich metal both with and without prefiring. 

rhe application weight was about 20 gm. per sq. ft. A boil 
ing reaction was noted during drying at room temperature in 
both cases. Prefired specimens indicate a decrease in tearing 

and associated metal-enamel slip reaction. Figure 2 shows 
the fired effect of coating thickness on metal-enamel slip re 
actions with no metal prefiring. A light application of 12 
gm. per sq. ft. produced slight gas evolution before firing 

rhe fired trial shows craters produced by this metal-enamel 
slip reaction. The heavy application of 30 gm. per sq. ft. re 
sulted in a vigorous gas-producing reaction before firing 

Fired results show blisters, tearing, and poor surface texture 
throughout the specimen. Figure 3 shows the fired effect of 
light and heavy coatings on metal prefired at 1000°F. No 
mill liquor-metal reaction was visible in the light application 

A slight boiling reaction was 

The fired 

during drying or after firing 

observed during drying in the heavy application 
specimen shows heavy tearing and metal-enamel slip reaction 

craters. 

(2) Treated Metal Without Flux Additions 

Specimens in Fig. 4 were treated in chromic-sulfuric acid 

solution.‘ Heavy gas evolution from mill liquor reactions 
produced blisters and bubbles in the sprayed coating on both 
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Fig. 3. Fired enameled specimens with metal prefiring showing effect 

of coating thickness on metal-enamel slip reactions. (1) Light application; 

(2) heavy application. (X1'/».) 

the prefired metal specimen and the metal specimen not pre 

fired. Fired results indicate that prefired metal reduces un 

buffered metal-enamel slip reactions 
rhe three specimens in Fig. 5 were treated in alkaline po 

tassium chromate? solution; two were prefired at LOO0O°F. for 
5 minutes. Both prefired treated specimens show a retarded 
action of unbuffered mill liquors, with improved surface tex 
ture, on aluminum-rich metal 

(3) Treated Metal With Flux Additions 

Figure 6 shows the effect of adding 5‘ 

and 5° boric acid to the mill during the grinding of the alu 

rhe application of this buffered milled 

> sodium metasilicate 

minum enamel frit 
enamel to three different treated metal specimens shows no 

indication of mill liquor reactions taking place before or after 
firing, as evidenced by the lack of pinholing, blistering, or 

tearing. Specimen 14A was degreased metal without special 
treatment; specimen 14B was metal treated in chrom 

sulfuric acid without prefiring; and specimen 14C was metal 
prefired after treatment in alkaline potassium chromate solu 
tion.” 

‘W.R. Kappes, R. V. Vanden Berg, and R. A. Wodehous 

Jr., “Process for Enameling Aluminum,’’ U. S. Pat. 2,719,796, 

October 4, 1955; Ceram. Abstr., 1956, January, p. 4¢ 
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metal prefiring. (Approximately actual size.) 

This preliminary investigation emphasizes the importance 

of mill additions, or auxiliary fluxes, in preventing pinholing, 
blistering, and tearing in the application of aluminum enamel 
frits to aluminum-rich metal. Prefired metal also retards un 
buffered metal-enamel slip reactions and improves the sur 
face texture of the fired enamel 

iil. Experimenta! Procedure 

Specimens were made according to methods now commonly 
used by the porcelain enameling industry. 

(1) Milling 

Frits were milled in 500-gm. batches with 160 gm. of water 

in ball mills to a fineness of 0.1- to 0.5-gm. residue on a 325 

mesh screen for a 50-ml. sample. Flux additions were added 
as a percentage of the dry frit weight. Specific gravity was 
adjusted to 1.90 to 2.0 before spraying. 

(2) Metal Preparation 

Specimens of 6061 aluminum allov, 0.025 by 3 by 5 in., 
were used throughout this study. Treatment, except where 
noted, consisted of vapor degreasing in trichlorethylene and 

cleaning in a 6% solution of sulfuric acid at room tempera 

ture. Treatment in alkaline potassium chromate solution 
followed with prefiring at 1000°F., as suggested by Deyrup,? 
was used for experimental trials. Treatment in a mixture of 
chromic and sulfuric acids at 180°F. for 2 minutes, as sug- 

gested by Kappes,‘ was used for certain trials. 

Fig. 4. Enameled specimens showing gas-producing reactions between metal and 

enamel slip. Metal treated in chromic-sulfuric acid solution. (A) Unfired with no metal 

prefiring; (B) fired with no metal prefiring; (C) unfired with metal prefiring; (D) fired with 

Vol. 40, No. 1 

(3) Application and Firing 

Enamel slip was applied by spraying both 
sides of the specimen at an approximate weight 
of 20 gm. per sq. ft. Firing was at 1000°F. 

(+10°) for 6 minutes in a Multiple-Unit elec 
tric furnace with a potentiometer control 
Nine specimens were made for each flux in 
vestigated and were subjected to the tests 
which are described below. , 

(4) Tests 

(A) Acid Solubility: Acid solubility de 
terminations were made in accordance with 

Commercial Standard CS 100-47, a recorded 

standard for porcelain-enameled steel utensils.® 
Average loss of weight in milligrams per 

square inch is reported after boiling three 
specimens in 6% citric acid solution for 2! 
hours. 

(B) Alkali Solubility: Alkali solubility 
determinations were made by substituting a 
5% solution of trisodium phosphate (Na,PO,- - 
10H.O) in distilled water for the solution of 

citric acid. Average loss of weight of three 
specimens in milligrams per square inch is 
reported after boiling for 2'/, hours, using 

testing procedures described in Commercial 

Standard CS 100-47. 

(C) Acid Resistance: Tests for acid resist- 
ance were made according to the standard test 

of the Porcelain Enamel institute.6 This con 

sists of a few drops of a 10% aqueous solution 
of citric acid at room temperature placed on 
the surface to be tested and covered with a 

watch glass for 15 minutes. Grading is by 
visual inspection. 

(D) Gloss: Gloss determinations were 

made in accordance with the tentative stand 

ard test of the Porcelain Enamel Institute.’ 

Average values of 45° specular gloss for each 

specimen are reported relative to the standard 
set at 56 using a Photovolt reflection meter, 

Model 610. 

(E) Drying and Firing Characteristics: Three specimens 

were prepared for this study by spraying both sides of each 
specimen. The preparation of metal specimens consisted of 

prefiring at 1000°F. after treatment with alkaline potassium 
dichromate solution. One trial was fired immediately, one 

trial was allowed to dry at room temperature for 30 minutes, 

and the remaining trial was dried at 250°F. for one hour in a 

controlled electric drying oven. Fired results were graded as 
follows: 

GS = good; no tearing; no visible reaction with metal 
M.R. = metal reactions; visible reaction with metal as indicated 

by pinholes and craters 
H.T. = heavy tearing throughout fired specimen 

M.T. = microtearing; very fine tearing throughout fired speci- 
men. 

(F) Accelerated Spalling Tests: Accelerated spalling tests 
were conducted in accordance with the tentative standard test 

>**Porcelain Enameled Steel Utensils,’’ Commercial Standard 

CS 100-47, U.S. Department of Commerce, Washington, D. C., 
December 7, 1947, pp. 1-8. 

“Test for Acid Resistance of Porcelain Enamels,”’ Bulletin 

T-7, Products Standards Section, Porcelain Enamel Institute, 
Washington, D. C., April 1940, pp. 3-11 

7“Gloss Test for Porcelain Enamels, a Tentative Standard 

Test of the Porcelain Enamel Institute,’’ Bulletin T—18, Porce- 

lain Enamel Institute, Washington, D. C., May 1953, pp. 3-7. 

' ‘ 
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Fig. 5. Enameled specimens showing defects from metal-enamel slip 
reactions. Metal treated in alkaline potassium chromate solution. (A) 

Fired with no metal prefiring; (8) unfired with metal prefiring; (C) fired 

with metal prefiring. (X1'/>.) 

of the Porcelain Enamel Institute. The specimens prepared 
for the drying and firing study were used for this test. After 
bending one corner and filing the edges to bare the metal, the 

specimens were immersed in a 5% aqueous solution of ammo 
nium chloride at 60°F. for 96 hours to determine the resist 

Effects of Auxiliary Fluxes in Aluminum Enamels 

Fig. 6. Fired aluminum enamel specimens containing a flux additive of 

5% Na-SiO; and 5% H;BO;. (14A) No metal treatment; (148) chromic- 
sulfuric acid metal treatment with no prefiring; (14C) alkaline potassium 

chromate metal treatment with prefiring. (Half size.) 

ance to moisture spalling. Specimens which showed heavy 

microtearing or areas of exposed metal were graded on the 

resistance of the remaining coating to accelerated spalling 

Results were recorded as follows 

G = good; no additional spalling or failures 

F = failure; any signs of spalling or failure 

(5) Materials 

The materials listed below were used in this investigation 

(A) Frits: Two commercial aluminum enamel frits were 

used for evaluating the auxiliary fluxes under investigation 

rhe molecular percentage composition of these frits probably 

falls between the following limits 

Frit. No. 1* 
mole ‘ 

PbO to 18 
SiO to 65 

Li,O to 12 
NaeO to 22 

K.O to 20 

TiO to ll 

0.3to 1 

* See footnote 9 

8 “Spalling Test for Porcelain Enamels, a Tentative Standard 
Test of the Porcelain Enamel Institute,’’ Bulletin AL-la, Por 

celain Enamel Institute, Washington, D. C., June 1956, pp. 2-3 

»A. J. Deyrup, “Vitreous Coatings for Light Metals,”’ U. S 
Pat 2,467,114, April 12, 1949 Ce ram Al _ 1949, October, p 

! 

27 

‘ 

‘ 

4 

‘ 

5 

‘ 

Frit. No. 2 
mole 

7 
PbO to O98 

SiO to 34 

0) to 4.9 

Na-O 16 to 22 

K.O to 15 

riO 14 to3l 

Sb.O 0.7to 3.5 

| 
ZnO 0 5to 7.0 

B.O 1.0 to 15.0 

| 

CdO 0 to 12.0 

| 
SnO 0 to 8.0 
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Table |. Anhydrous Sodium Metasilicate (Na»SiO;) and Boric Acid (H;BO;)* 

(A) Physical Properties 

Acid solubility, Alkali solubility Acid spot 
2'/s 2'/: hr test 

(loss, mg./sq. in.) loss, mg./sq. in.) 15 min.) Gloss/56 

Trial NaSiOs Hs BO Frit No Frit. No Frit No Frit No Frit No Frit No Frit No Frit No. 
No, (%) (‘ 2 l 2 2 l 2 

l 10.0 0.0 Excessive set 

2 10.0 5. 23.3 22.1 14.6 15.4 A B 73 57 

3 7.5 7 26.5 29.0 14.9 14.1 A B 65 57 
} 6.66 3.33 11.8 12.5 5.7 9.2 AA 3 74 70 
5 5.0 0.4 5.25 3.4 

6 5.0 5 19.9 24.0 7.7 9.8 AA AA 70 79 

7 5.0 10.( 58.0 41.7 26.0 24.0 Cc Cc 48 70 
8 3.33 1.67 8.6 1.6 4.8 7.6 AA AA 78 71 

Q 3.33 6.66 30.5 35.0 19.7 15.5 A B 54 68 

10 1.67 3.33 18.6 7.2 9.7 7.9 AA A 74 70 

11 0.0 5.0 31.75 21.0 23.6 12.8 B B 67 72 

(B) Drying and Firing Characteristics 

Dried Dried 
Fired wet at 60°P. at 250°F. 

Trial NagSiOsg H, BO, Frit No Frit No Frit No Frit No Frit No Frit No 
No (%) (%) 1 2 l 2 l 2 

10.0 0.0 Excessive set 

2 10.0 5.0 Gt Gt G G G ( 
3 7.6 r ee G G M.T M.T M.1T G 

4 6.66 3.33 G G G G G G 

5 5.0 0.0 M.R M.R M.R M.R M.R M.R 

6 5.0 5.0 G G G G G G 

7 5.0 10.0 G G H.1T H.1 H.T H.T 

s 3.33 1.67 G G M.R M.R H.1T H.T 

Q 3.33 6.66 G G H.T H.T H.T kg 

10 1.67 3.33 G G M.R M.R H.T. _& fl 
11 0.0 5.0 G G M.R M.R M.T G 

(C) Accelerated Spalling Tests 

Dried Dried at 
Fired wet at 60°F 250°F 

Trial NaeSiO H;sBO Frit No Frit No Frit No Frit No Frit No Frit No 
No (% } (% } 1 2 l 2 l 2 

l 10.0 0.0 
2 10.0 5.0 G G G G G G 

3 7.5 7.5 G F G F F F 

4 6.66 3.33 S.F S.I G F G I 
5 5.0 0.0 

6 5.0 5.0 F S.I F S.I F F 
7 5.0 10.0 G G G F F 
8 3.35 1.67 G G G G 

9 3.33 6.66 F S.F F F F F 
10 0.0 5.0 I F F F F F 

* Abbreviations AA, A, B, and C under ‘“‘Acid spot test” 

Acid Resistance of Porcelain Enamels’ (footnote 6. ) 

actions, H.T. = heavy tearing, F = failure, S.F 

+ Enamel blowouts during firing (see Fig. 7) 

slight failure 

refer to Class AA, 

Other abbreviations used: G microtearing, M.R 

IV. Results and Discussion 

Class A, etc., for acid resistance as given in ‘‘Test for 
good, M.T metal re- 

(B) Auxiliary Fluxes: The auxiliary fluxes chosen for 

this investigation were as follows: The results are given in Tables I, II, and III. Part (A) of 
(1) Sodium metasilicate (Na2SiOs). each table gives the effect of these auxiliary fluxes on acid 
(2) Borie acid (H3BQs). solubility, alkali solubility, acid resistance, and gloss; part 
(3) Fritted mixtures having molecular ratios of BO; (B) of each table gives the drying and firing characteristics 

SiO, = 7:3 as one end member, B,O3: SiO, = 1:6 as the other produced with these auxiliary fluxes; part (C) of each table 
end member. 

(4) L-3s89.* 
(5) Sodium silicate solution containing 

SiO» by weight. 

(6) Borax (NaoO 2B.Os). 

(7) Lead borate (2PbO BsQs). 

37% NaO - 3.4 

* Antitear mixture manufactured by E. I. du Pont de Nemours 
& Co. in accordance with U. S. Pat. 2,653,877 (see footnote 1). 

Exact composition unknown. 

gives the effect these auxiliary fluxes exert on the resistance to 
accelerated spalling. 

(1) Sodium Metasilicate and Boric Acid (Na,SiO,-H,BO;) 
(Table !) 

Sodium metasilicate and boric acid mill additions as auxil 
iary fluxes exhibit improved buffering action and firing charac 

teristics when fired wet. Metal-enamel slip reaction, heavy 
tearing, and high accelerated spalling failure under parts 

(B) and (C) of Table I indicate a deficiency in buffering action 

in drying, when limited to these raw materials alone. A high 
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Table Il. Fritted Mixtures* 

(A) Physical Properties 

Acid solubility Alkali solubility, 
hr 

Acid spot 
2'/: hr test 

Total (loss, mg./sq. in (loss, mg./sq. in.) 15 min ) Gloss/56 

_ alkalis BrOs SiOz ee Frit No Frit No. Frit No. Frit No. Frit No. Frit No Frit No 
No (%) q (%) 2 2 1 2 1 2 

l 1.34 4.14 1.52 23.5 26.0 3 14.4 B B 72 Hf 

2 2.90 2.76 1.41 18.6 17.3 5 11.4 AA \ 81 73 

3 1.45 1.38 0.50 7.5 6.4 +] 8.5 AA AA Sl 75 

4.21 0.94 4.85 6.4 6 9.6 AA AA 66 67 
5 2.81 0.63 3.23 6.1 1.3 3 6.{ AA AA 76 64 

6 1.41 0.32 1.63 §.2 1.0 5 5.4 AA AA 72 73 

7 +. 30 3.35 2.35 20.8 25.4 7 8.7 AA A 75 68 
s 4.24 1.74 4.01 10.7 12.4 l 13.9 A B 75 68 

9 $.27 2.54 3.18 16.0 3.7 8 8.8 AA B 74 68 
10 + 26 2.02 3.74 13.5 10.8 2 12.4 AA \ 74 71 

(B) Drying and Firing Characteristics 

Dried Dried 
Fired wet at 60°F at 250°F 

Total 
Trial alkalis BeOs SiO: Frit No Frit No Frit No Frit No Frit No Frit No 
No % . (% 2 1 2 l 2 

l 4.34 14 1.52 G G G G (> 

2 2 v0) 2 76 l Ol G G G G G (; 

3 1.45 1.38 0.50 G G G G H.1 H.1 

} 0.94 85 G G M.T M.R G H.T 
5 2 1 0.63 3.23 G G G M.R H.1T H.T 

6 1.41 0.32 1.63 G G M.T G H.1 H.1 
4.30 3.30 2.35 G G G G (; 

8 $ 24 1.74 4.01 G G G G G ( 

9 2.54 3.18 G G G G G 

10 26 2.02 3.74 G G H.T G G G 

(C) Accelerated Spalling Tests 

Dried Dried 
Fired wet at 60°F at 250°! 

Total 
Trial alkalis BeOs SiO: Frit No Frit No Frit No Frit No Frit No Frit No 
No % w// (% l 2 l 2 l 2 

l 4.34 4.14 1.52 G G G G G G 

2 2.90 2.76 1.01 G G G F 

} 1.45 1.38 0.50 G G G G G I 

1.21 ().94 4.85 F F F F 

5 2.81 0.63 3.23 F F F F F F 
6 1.41 0.32 1.63 F F F F F F 

7 +. 30 3.35 2.35 F F G F F I 

S 4.24 1.74 4.01 G G G F G G 

y 1.27 2.54 3.18 G F G G G F 

10 +. 26 2.02 3.74 F F F I 

* Abbreviations have same meaning as those used in Table | 

‘ wat - 

Fig. 7. Enamel “blowouts” in wet firing caused by concentration of 10% 
Na»SiO; and 5% H;BO; as auxiliary flux. (Half size.) 

concentration of sodium metasilicate will also cause enamel to 
erupt or “‘blow out" when fired wet, as illustrated in Fig. 7 

(2) Fritted Mixtures (Table Il) 

Trial Nos. 1 through 6 in Table II show data obtained by 

proportionally decreasing in amount a flux composed of high 

B2O3, low SiQs, and high alkali and one containing low 

high SiOz, and high alkali 

Part (A) illustrates the undesirable action of high BO; on 

acid and alkali solubility rhe results listed in parts (8B) and 
(C) clearly demonstrate the deleterious effects on aluminum 

enamels of high SiOs, low B.Os, and high alkali fluxes rials 

Nos. 4, 5, and 6 exhibit microtearing, metal-enamel slip re 
actions, and heavy tearing in drying, accompanied by total 
failure in the accelerated spalling immersion tests. Fluxes 
containing high ratios of alkali and silicate to low BO; form 

harder coatings on drying and materially increase the fusion 

temperature of the enamel 
Variations of fritted mixtures to obtain more desirable 

B.O;: SiO, ratios are listed under trial Nos. 1 through 3 and 

8 and 9. Solubility losses range from 3.7 to 26.0 mg. per 

sq. in. with no indications of metal-enamel slip reactions or 
tearing. Accelerated spalling tests also show satisfactory re 

sults. 

(3) Additional Fluxes (Table lil) 

(A) L-389: The commercially available antitear mixture 

L-389, appears to contain a well-balanced ratio of buffering 
materials which act both as an inhibitor and as a flux when 

i? oe AS *> 
£ 

Wry 
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Table Ill. Additional Fluxes* 

(A) Physical Prope rlies 

Acid spot Acid solubility, Alkali solubility, 
2 hr hr 2'/ hr. test 

(loss, mg./sq. in ) (loss, mg./sq. in.) (15 min.) Gloss/56 

Trial vaaed Frit No Frit No. Frit No Frit No. Frit No. Frit No Frit No. Frit No 
No Flux (%) 1 2 1 2 l 2 1 2 

l L-389 10.0 10.7 6.2 3.2 5.8 A A 79 86 
2 oe 6.66 8.3 3.9 3.2 4.7 AA AA 86 80 
3 3.33 8.3 2.9 3.2 4.5 AA AA 92 78 

4 Sodium silicate solution 10.0 4.3 1.8 3.4 2.5 AA AA 72 60 
5 “ 6.66 6.5 2.5 3.7 6.0 AA AA 79 66 
6 “a 3.33 6.2 4.6 3.0 4.0 AA AA 8O 74 

7 Na,O-2B,0, 5.0 42.0 33.0 26.8 12.4 B B 75 70 

8 ve 7.5 46.6 45.0 19.2 28.5 6 Cc 56 75 

10.0 22.9 21.5 D D 62 69 

10 2PbO- B,O; 10.0 15.6 15.3 AA AA 

(B) Drying and Firing Characteristics 

Dried Dried 
Fired wet at 60°F. at 250°F. 

Flux 
Trial added Frit No Frit No. Frit No Frit No Frit No. Frit No 
No Flux (%) 1 2 l 2 l 2 

] L-389 10.0 G G G G ke H.T 
2 a 6.66 G G G G H.T. H.T 

3 3.33 G G G M.R 

i Sodium silicate solution 10.0 G G M.T. M.1T H.T. H.T 
5 “ 6.66 G M.T M.T G M.T. G 
6 - 3.33 G G M.R M.R M.T. M.R 
7 5.0 G G MT G H.1T 
8 si 7.8 G G M.T. G M.T. G 

9 = 10.0 G G M.T. G M.T. G 
10 2PbO- B.O; 10.0 G M.R M.T. M.T. M.T. M.T. 

(C) Accelerated Spalling Tests 

Dried Dried 
Fired wet at 60°F. at 250°F. 

Trial added Frit No Frit No Frit No. Frit No. Frit No. Frit No 
No. Flux (%) 2 1 2 1 2 

l L-389 10.0 G G F S.E.F. F F 
2 se 6.66 S.E.F G F S.E.F. F F 

3 3.33 G F F S.E.F F I 

4 Sodium silicate solution 10.0 I S.E.F. F F G G 
5 * 6.66 G G F F G F 
6 - 3.33 F F F F F F 

7 Na.O-2B,0; 5.0 G G S.E.F F F F 
8 ” 7.8 G G S.E.I G F F 

9 ™ 10.0 S.E.F G F F F F 
10 2PbO- B.O; 10.0 

fired wet. When dried before firing, L-389 shows heavy tear 
ing with low accelerated spalling resistance. 

(B) Sodium Silicate Solution: Sodium silicate additives 

to milled aluminum enamels are unsatisfactory as a single 
flux addition. Alkali silicates produce an inelastic cement 
like coating on drying which restrains enamel expansion in 
firing and results in highly cracked or torn enamel surfaces. 

(C) Borax (Na,O + 2B,03;): The effect of alkali borates 

alone as an auxiliary flux is recorded in trials Nos. 7 through 
9 in Table III. High borax additions rapidly increase acid 
and alkali solubility while producing poor drying and firing 
results. Accelerated spalling tests show a high rate of fail 

ures. 
(D) Lead Borate (2PbO B,O;): Low-fusing lead borate 

mill additions to milled aluminum enamels have no buffering 

effect on alkali metal reactions. 

V. Conclusions 

Additions of auxiliary flux mixtures to milled aluminum 
enamel frit should serve (a) as an inhibitor to retard or buffer 

metal-enamel slip reactions and (b) as a flux to aid rapid en- 
amel fusion during the early stages of firing. 

* Abbreviations have same meaning as those used in Table I. In addition, S.E.F = slight edge failure. 

Considerations in this study which involve these principles 
appear to limit the selection, or design, of buffering mill addi 

tives to alkalis, BoO;, and SiO, in definite ratios. The best 

average physical results obtained with raw, fritted, and com 
mercial mixtures throughout this study are as follows: 

Raw mixtures Fritted mixtures 

Commercial 
ota mixture 

NazSiO; B:O;-3H:0 alkalis B20; SiO: L-389 

(%) (%) (%) (%) (%) (%) 

Frit No.1: 6.66 3.33 4.24 1.74 4.01 10 
Frit No.2: 5.0 5.0 4.24 1.74 4.01 10 

Both high SiO, and high B,O; additions were detrimental to 

workability and accelerated spalling tests throughout this in- 
vestigation. Microtearing, tearing, and excessive failure in 
accelerated spalling tests seem to be closely correlated with 
unbuffered alkaline mill liquor reactions with aluminum-rich 
metal and with tightly cemented coatings on drying. 
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Morphology of Fractures in Polished Glass Surfaces 
by W. C. LEVENGOOD and W. E. FOWLER 

Libbey-Owens-Ford Glass Company, Toledo, Ohio 

A moisture-condensation technique previously 
described was utilized in a study of the effect of 
polishing on fracture patterns in glass surfaces. 
The experiments show that the apparent con- 
troversy concerning the polishing out or ‘‘bridg- 
ing over’’ of surface fractures may be resolved 
on the basis of crack dimensions. If the frac- 
ture width is less than 1/4 A, it may be sealed 
over by polishing, even though the depth may be 
1 mm. or more. A modified condensation 
chamber was devised to show in detail the ef- 
fect of aging and fracture growth in polished 

surfaces. 

Introduction 

HAT conditions are necessary to bridge over or polish 

Wx fractures in a glass surface? Various workers who 

have attempted to answer this question have arrived 
at somewhat conflicting results. For example, Beilby,' 
during the course of his studies on the flow of solids, demon 

strated that a seemingly structureless polished surface dis 
closed grooves and fractures when etched with hydrofluoric 
acid. He interpreted this as the removal of a flowed surface 
layer which covered up the furrows. Preston*® also found 
fracture networks, made visible by etching, in polished sur 
faces. He pointed out that these fracture networks were 
probably “chatter sleeks’’ of ultramicroscopic dimensions 

Presented at the Fifty-Eighth Annual Meeting, The American 
Ceramic Society, New York, N. Y., April 23, 1956 (Glass Divi 

sion, No.1). Received April 25, 1956. 
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Trans. Opt. Soc. (London), 23, 141-64 (1922); Ceram. Abstr., 2 

and 2], 30(1923). 

which had been covered over during polishing. On the other 

hand, when French* attempted to polish over minute open 
bubbles 1 to 2 uw in diameter, he found no evidence of a bridg 

ing action. 

The present experiments indicate that the basis for this 
paradox was the considerable variation in relative shapes and 
sizes of the flaws polished over in these early experiments 
Using a moisture-condensation method,‘ the present authors 
were able to demonstrate the importance of the shape of a frac 
ture in the bridging phenomenon. Polishing experiments 
were conducted on visible fractures which were literally forced 
closed. When the width of a fracture was sufficiently re- 
duced by clamping, the fissure apparently could be sealed 
over by polishing, regardless of its depth below the surface. 

A modified condensation chamber was devised to study 
fracture growth in polished surfaces over extended periods of 
time. With this technique it was possible to determine the 
rate of fracture growth for periods up to 300 hours. 

ll. Experimental Work 

For the polishing experiments, fractures were prepared by 
making a cutter mark at the edge of sheet glass specimens */, 

in. thick and then extending the fracture beyond the cut into 

the body of the glass. If lateral pressure was applied, e.g., 
by clamping the sides of the glass, the crack usually closed 
and disappeared from view. A specimen before clamping is 
shown in Fig. 1(A). The fracture in this case extends beyond 
the point of the arrow. The specimen after clamping is shown 
in Fig. 1(B); now only a short section of the fracture appears 
at the original cutter mark. 

When a fracture was viewed at about normal incidence in 
white light, a blue film was observed at the boundary between 
the visible high-reflecting portion of the crack and the invisi 
ble clamped segment. This blue reflection indicated con- 

’ J. W. French, “Some Notes on Glass Grinding and Polish 

ing,”"’ Trans. Opt. Soc. (London), 17, 24-64 (1916 
*W. C. Levengood, “Study of Moisture-Condensation Pat 

terns on Glass and Crystalline Surfaces,"’ J. Am. Ceram. Soc., 

38 [5] 178-83 (1955 

Fig. 1. Method of producing a clamped fracture. (A) Before clamping and (8) after clamping. 
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N 
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Fig. 2. Condensation patterns showing effect of polishing clamped frac- 
ture. (A) Before polishing; (B) same area after polishing; and (C) same 

area five hours after polishing. (>< 100.) 

structive interference in the spectral region near 4800 a.u. 

The thickness of the fracture when this occurred was about 
\/4, or approximately 1200 a.u. The intensity of reflection 
from the crack surface dropped very rapidly and in the zone 
receiving the greatest clamping force no reflection was ob 
served. When there was no visible reflection the fracture 
thickness was about A/25,* or 200 to 300 a.u. This approxi- 
mated the upper limit of the thickness or width of the cracks 
polished in the following experiments. 

The fractures were polished with a high-speed felt wheel, 
saturated with rouge, which was applied normal to the crack, 

Vol. 40, No. | 

A 
Fig. 3. Effect of etching clamped polished fractures. (A) Before polish- 

ing; (B) same area after polishing; and (C) same area after etching 20 

seconds in hydrofluoric acid. (>< 100.) 

or in the direction of the arrow in Fig, 1. The depth of the 

polished-out region was about 2 yu in every case. 
After the polishing operation, the specimens were cleaned 

with precipitated calcium carbonate, rinsed with distilled 
water, and then dried. A moisture film was condensed on 

* This estimate is based on the observation that interference 

fringes, with contrast and brightness similar to clamped fractures, 
display a sharp light-to-dark transition at about '/9 of the 
fringe spacing. The sharpness of this transition is due to the 
logarithmic nature of visual sensation relative to brightness 
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ihe surface by gentle breathing; the specimen was then 
‘overed with a small chamber to prevent rapid evaporation. 
Phe details of cleaning and the forming of the film were given 
in the earlier publication ‘ 

lil. Results 

The condensation pattern in Fig. 2(A) shows that the 
clamped fracture may be detected in the surface of the speci- 
men before polishing. (The fracture is the sharp line running 
horizontally across the field.) The depth of this fracture was 
about 3 mm. and the thickness after clamping was about 
300 a.u. The specimen after polishing is shown in Fig. 
2(B). No fracture line appears in the condensation patterns; 
this indicates that the fracture has been bridged over. The 
clamp was left on the specimen, and after about five hours the 
fissure began to reopen. Figure 2(C) shows the fracture ex 
tending horizontally from the right side of the photomicro 

graph. 
Attempts also were made to bridge over these fractures 

without clamping; in no case was there any evidence of a dis 
appearance or polishing out of the cracks. 

In some cases the clamping force was released immediately 
after polishing. It was surprising to observe that the frac 
ture opened to the edge of the polished region, but did not 
open through the polished region. The condensation pattern 
disclosed that after the clamping force had been removed, the 
crack spread very slowly through the polished region. Sev 
eral minutes generally elapsed before the crack opened to its 
original width. 

(1) Effect of Etching 

An experiment was then performed to find out whether 
etching with hydrofluoric acid would uncover these polished 
over fissures. Figure 3(4) shows a clamped fracture about 
3mm. deep. This fracture after polishing is shown in Fig. 

3(B). (The heavy mark at the top of Fig. 3(A) is a diamond 

scratch reference mark; only a trace of this mark is observed 
at the top of Fig. 3(B).) The clamped polished fracture was 
next etched at room temperature for 20 seconds in dilute hy 
drofluoric acid (one part 48% acid to eleven parts water) and 
then was rinsed. A layer approximately 500 a.u. thick was 
removed by the acid. The condensation pattern after etch 
ing is shown in Fig. 3(C); the clamped fracture shows clearly 
across the center of the field. Etching apparently removed 
the polished layer and exposed the crack extending below the 
surface. 

(2) Polishing and Etching on Abraded Surfaces 
The polishing and etching technique was also applied to 

glass that had been scratched with an abrasive. A pattern 
of crossing fissures was made by drawing a 400-grit silicon 

carbide abrasive paper across the glass under a load of about 
100 gm. per sq. cm. An area before polishing is shown in 
Fig. 4(A). The condensation droplets in this case do not 
outline all the fractures because the rough surface causes 
the droplets to coalesce where the scratches are close together. 
The area after polishing is shown in Fig. 4(8); only one very 
heavy vertical scratch remains. The direction of polish was 
horizontal in the photomicrograph. The specimen was then 
etched for 20 seconds in dilute hydrofluoric acid (same con- 
centration as above) and again a layer 500 a.u. thick was 
removed. The effect is shown in Fig. 4(C). Many of the 
crossing fissures which were covered over during the polishing 

were again exposed by the etching treatment. 

(3) Fracture Growth in Polished Surfaces 

The small breath-figure chamber was modified in design 
so that polished surfaces could be observed for longer periods 
of time. The essential elements of the modified apparatus 
are two chambers, as shown in Fig. 5. After a specimen had 

been polished and cleaned it was placed on chamber (A) and 

Morphology of Fractures in Polished Glass Surfaces 

Fig. 4. Crossing scratches made with cbrasive paper. (A) Before polish- 

ing; (B) same orea after polishing; and (C) same area after etching 20 

seconds in hydrofluoric acid. ( 100.) 

a TEST SURFACE 

SS 
water DRYING AGENT 

SEALING WAX RING 

Fig. 5. Chambers used for studying growth of fractures in a polished 

surtace. 
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Fig. 6. Growth of a fracture in a polished surface. (A) Five minutes after polishing; (B) 3 hours after polishing; (C) 19 hours after polishing. (X 200.) 

the water was gently heated until the condensation pattern 
formed on the test surface. The chamber, with the specimen 
still in position, was then placed under the microscope for 
observation. After completion of the examination the speci- 
men was transferred for storage to chamber (8) which con- 
tained a desiccant. Storing in this dry atmosphere was found 
to delay the formation of a weathered film which would ob- 
scure or cover surface details. 

Not all the fractures in the polished surfaces were ob- 
served to grow with aging. Those that did grow were of 
various initial lengths and were randomly scattered over the 
polished surface. Figure 6 shows three stages in the growth 
of a typical fracture in a polished region on a sheet */j in. 
thick. This area had been polished in the usual manner to a 
depth of about 2 uw. These minute growing fractures were 
identified in photomicrographs of condensation patterns in 
one particular region of the polished surface, taken after 
various periods of aging. Moisture was condensed on the 
surface for each examination, but the specimen was kept dry 
during the interim periods. Table I gives the measured 
lengths of one of these fractures for various ages of the polished 
surface. The results, plotted in Fig. 7, show a linear rela- 
tionship between crack length and the logarithm of time. In 
every case studied (ten different polished surfaces), the mi- 
nute fractures appeared to growin this manner. The rate of 
growth, or slope of these curves, varied somewhat, depending 
on the initial lengths of the fractures and the degree of polish. 

IV. Conclusions 

The moisture-condensation technique was employed in the 
study of fractures in glass which were forced closed by apply- 

ing lateral pressure. These fractures were normal to the 
glass surface, about 3 mm. deep, and after clamping, were less 
than 300 a.u. wide. Polishing was found to bridge over or 
cover these clamped fractures. When the clamping force was 
released, the crack did not spread immediately through the 
polished region; generally, several minutes elapsed before the 
fracture opened to its original width. 

Etching a clamped polished fracture caused it to open im- 
mediately. In this case the acid apparently removed the 
thin polished layer and exposed the underlying crack. 

A series of crossing fractures, produced with fine abrasive 
paper, also was covered over by polishing. Etching in di- 
lute hydrofluoric acid again exposed many of the fractures 
which had been covered. 

A modified condensation chamber was devised so that pol- 
ished surfaces could be examined periodically. The test 
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Table |. Variation in Length of a Typical Fracture with 
Age of Polished Surface 

Elapsed time ° Crack 
after polishing (hr.) length (u) 

0.1 211 

2.0 287 
5.0 358 

21.0 404 

45.0 462 

93.0 477 
168.0 508 

248.0 528 

2 
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Fig. 7. Growth curve of fracture determined from condensation patterns 

specimen was stored in a dry atmosphere to prevent a weath 
ered film and was transferred to a special condensation cham 
ber only forexamination. This technique revealed that some 
randomly scattered minute fractures in polished surfaces ex 
hibit growth. The growth of these tractures was studied in 
detail for periods of time extending to about 300 hours. For 
the polished surfaces examined, a linear relationship was ob- 
served between fracture length and the logarithm of time. 

Acknowledgment 

The authors wish to express their appreciation to J. R. Ermlich 
for his helpful suggestions regarding the optical characteristics 
of the clamped fractures 

| 



-~CERAMIC ABSTRACT, 
January 1, 1957 

Compiled by the American Ceramic Society 

Wilfred Ashworth I. Campbell 

D. J. Barbour R. W. Cline 

L. N. Baumer W. W. Coffeen 

F. W. Beall D. J. Coutant 
Mildred Benton Wilhelm Eitel 
A. C. Bevan T. H. Elmer 
R. H. Bollinger S. A. Forman 
British Ceramic Re- J. J. Frankel 

search Association T. W. Garve 

C. M. Cameron C. H. Greene 

Abstracters 

R. A. Gregory 
Max Hartenheim 

S. A. Lindroth 

W. Loewenthal 

SECTION 

A. B. Searle 

J. O. Semmelman 
M. P. Haydon B. L. Majumder H. E. Simpson 
F. G. Heck P. L. Melville Société Francaise de 

G. M. Hutt L. M. Merritt Céramique 
E. P. Hyatt G. N. Mohanty J. A. Sugden 

- Herbert Insley E. S. Newman D. T. Williams 
B. Z. Kamich L. S. O’Bannon W. O. Williamson 

M. J. Kerper V. R. Palmeri Kazuo Yamasaki 

Karl Leander P. E. Rempes, Jr. J. E. Young 

I— Abrasives 

Better barrel finishing with improved abrasives. Wum_L1aM E 
BrRanptT. Metal Progr., 70 [1] 88-90 (1956).—Variously shaped 
aluminum oxide grains bonded with silica or garnet last longer 

and produce better results in tumbling than the previously used 

aluminum oxide chips from the ingot. Different shapes are used 

for different types of work with a wide range of chemical com- 

pounds to prevent corrosion, keep the abrasive clean, and pre 
vent pitting. The best abrasive mixtures contain about 80% 
aluminum oxide, which is more effective for a long period than 

silicon carbide. 3 figures D.J.B 

Ceramics challenge machines. L. M. pe Marco. Steel, 
138 [20] 130 (1956); abstracted in Jnd. Diamond Rev., 16 {189} 

B200 (1956).—-The high speeds necessary for making the best 

use of ceramic tools have prevented their maximum exploitation 
New machines capable of 3800 r.p.m. or over will soon be availa- 
ble in quantity. New methods of holding ceramic tools are de 

scribed V.R.E 
Petrology of fused alumina abrasives. H. N. BAUMANN, JR 

Am. Ceram. Soc. Bull., 35 [10] 387-90 (1956).—The three princi 

pal types of commercial electric furnace fused alumina products 
manufactured for abrasive purposes were examined by the meth 

ods of petrology. Two of these are made directly from bauxite, 

and the third type is made by the fusion of Bayer process white 
alumina. Their crystallographic, structural, and physical prop- 

erties were determined by petrographic and related techniques, 
and their phase rule relations with secondary oxides were studied 

The relation of microstructure to abrasive characteristics is 

indicated. 7 figures, 6 references 

PATENTS 

Abrasive wheel. Howarp L. Harvey (American Viscose 

Corp.). U. S. 2,760,313, Aug. 28, 1956.—1. In a grinding 
wheel a reinforcing element comprises a long-fibered paper and a 

spirally laid cord, the paper and the cord being combined into an 
integral body D.J.B 

Burnishing wheel. Joun L. Fee_ey (Westinghouse Electric 

Corp.). U. S. 2,763,105, Sept. 18, 1956.—1. A _ burnishing 

wheel comprises a rotatable body having a circular periphery, the 

body consisting essentially only of a plurality of superimposed 
laminations of glass fiber fabric and a thermoset resinous binder 

impregnating and bonding together the glass fibers in each fabric 
laminate and binding the laminated fabric into a solid body capa 

h 

ble of rotating at a speed such that the periphery of the body 

moves at a rate of 9000 to 14,000 ft./min., the glass fibers com 

prising 50 to 60°, of the weight of the body and the remainder 

being the thermoset resinous binder, and the glass fibers being 

exposed at the periphery for burnishing contact with members 
applied thereagainst D.J.B 

Diamond tool. Joserpn Lorcy, Jr. U. S. 2,761,441, Sept. 4, 

1956.—1. A diamond tool for dressing grinding wheels, etc., 

comprises a shank portion adapted to be fixedly mounted within 
a holder for operation thereby, a member carrying a diamond 

positioned at the outer end of the shank portion, the forward end 

of the shank portion having an annular outwardly extending 

flange, an annular ring surrounding the diamond-carrying mem 

ber and having an annular inwardly extending flange at the rear 

of and overlying the flange of the shank portion and having its 
forward portion crimped over inwardly into fixed holding en 

gagement with the diamond-carrying member, tension means 
provided between the overlying flanges, and the annular ring 

having its outer surface provided with means of engagement for 

rotatable adjustment of the diamond-carrying member so as to 
present a fresh portion of the diamond surface to the wheel as 

may be desired D.J.B 
Metal bonded abrasive wheel and method of making. Haro.p 

E. RoBIsON AND LEo CATALLo (Wheel Trueing Tool Co.). U.S. 

2,766,565, Oct. 16, 1956.—4. A diamond wheel for edging 
laminated glass comprises a metal annulus having spaced an 

nular flanges providing an annular groove therebetween, a uni 
tary layer of a diamond impregnated matrix in the groove se 

cured to the surfaces defining it, the layer presenting a concave 
external surface between the flanges, and the median portion of 

the layer presenting a band composed of denser structure and of 
diamonds of larger particle size than the portions of the layer on 

both axial sides D.J.B 
Rotary abrading tool. Rusen O. Pererson (Osborn Mfg 

Co.). U. S. 2,766,564, Oct. 16, 1956 l A rotary tool com 

prises a plurality of generally flat layers of wire mesh, a bonding 

medium securing the layers together, fine abrasive material held 

by the bonding medium, the bonded mesh layers having a hole 

therethrough, and a wire stem member passed through the hole 

and doubled upon itself to clamp the layers between straight 
parallel wire portions, the wire portions extending beyond the 

layers being twisted together to form a stem to secure the layers 

D.J.B 
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and Archeology 

Art ceramics of Oy, a newly founded workshop. BERNHARD 
Srerpen. Euro-Ceram., 6 [7] 202-204 (1956).—Reliefs, sculp 

tures, garden ceramics, and flowerpots by Burchard and Griseldis 

are shown. M.Ha 

Flowers in pottery decoration: 10, Chelsea porcelain, 1743 
1783. Doris Parton. Pottery Gaz., 81 [952] 1466-69 (1956) 

For part 9 see Ceram. Abstr., 1956, Sept., p. 182e. 11 figures 
C.M.C 

Glass that suits the wine. ANON. Pottery and Glass, 34 
[10] 323-29 (1956).—The present trend is toward globular rather 

than conical shapes, tapering slightly at the top and larger in 

size. Many British and Swedish styles of glasses are shown, in- 

cluding tankards and tumblers. 75 figures C.M.C 
How to make your own glazes. F. CARLTON Batt. Ceram 

Ind., 67 |2] 93-95 (1956).—-Instructions for calculating a simple 
raw lead glaze batch from an empirical glaze formula are given 
Cf. Ceram. Abstr., 1953, May, p. 86« T.H.E 

Giovanni Marcon, instinctive decorator. GIrovaNNni Petucco 

Ceramica (Milan), 11 [7] 29-32 (1956).—Figures, vases, and 

decorative plates in terra cotta by this artist of the late 18th cen 
M.Ha tury are shown. 6 photos 

a 

Masterpieces of yesteryear: 5, 6, Royal Worcester Museum. 
Anon. Pottery Gaz., 81 [951] 1324-27; [952] 1474-77 (1956 

For part 4 see Ceram. Abstr., 1956, Nov., p. 231i. 19 photos 

C.M.C 
Popular pets. ANON. Pottery and Glass, 34 [10] 330-33 

(1956).—A production line is used in the hand decorating of 
small porcelain models of Walt Disney characters. As many as 
20,000 models are handled per day. 14 photos C.M.C 

Porcelain, the delight of sovereigns. NicoLt6é Mura 
ica (Milan), 11 [6] 20-22 (1956).—An account of ceramic art 

in China since about 2000 B.c. is given M.Ha 
Scandinavian design. Justin Srecert. Euro-Ceram., 6 [3 

74-77; [6] 169-73 (1956 ).—Ceramic art in the Scandinavian coun 

tries is discussed. 14 photos M.Ha 
Washington plate. ANon. Pottery Gaz., 81 [952] 1479 

(1956).—A true copy of an original George Washington dinner 
plate in stone china is described. 1 photo C.M.C 

Ceram 

Additional abstract 

Sect. VIII: Use of wollastonite in artware bodies 

lII—Cements, Limes, and Plasters 

Calcination of gypsum for flooring, plastering, and building 
purposes in the rotary kiln. R. ZoLLInceR. Zement-Kalk-Gips, 
9 [7] 319-28 (1956).—Z. explains the diagram representing the 

transformation of gypsum and various products (anhydrites) with 
increasing temperatures. Experiments were made to determine 

the conditions under which a high-grade high-temperature gyp- 
sum can be obtained economically and to establish the tempera 

ture zone for a good low-temperature gypsum, both calcined in 
one operation in the same kiln and suitable for flooring, plas 

tering, and building. From the results of the tests (fully de- 
scribed) a method was developed, the principle of which is based 

on calcining in stages, whereby the waste heat contained in the 

high-temperature gypsum (anhydrite I + lime) is utilized for 

burning the low-temperature gypsum in the same kiln. The 

most favorable temperature zone for the latter lies between 180° 
and 240°C.; it must not be lower to obtain dihydrate-free prod- 

ucts and must not be exceeded to avoid the formation of an- 
hydrite II. The firing temperature for high-temperature gyp- 

sum should be as high as possible above the transformation point 
of anhydrite II to anhydrite I, about 780°. A kiln is described, 

and the influence of grain size and heating velocity is discussed 

The best mixtures of both gypsums and aggregates for mortars 
for the three purposes are discussed with formulas and tables of 

mechanical properties and setting times. M.HaA 

Flame control in rotary kilns. W. R. Dersnan. Pit and 
Quarry, 49 [1] 149, 154-67 (1956).—D. discusses flame control 

and characteristics in 14 plants selected to cover wet and dry 
processes and various types of fuel and coolers. Flame charac- 
teristics, design of burner pipe, percentages and temperatures of 
primary and secondary air, use of excess air, ring formation, and 
kiln coatings are covered. Diagrams and tabulated data are 
included. 2 figures. D.J.B 

Gas-fired shaft limekiln with stepped combustion. H. EIGEN 
Zement-Kalk-Gips, 9 [6] 284-86 (1956).—Descriptive. The 

simple cleaning of the combustion system is an advantage. Cf. 
Ceram. Abstr., 1955, March, p. 57f. M.Ha 

High pressure steam curing reduces shrinkage in block. 

ANON. Brick & Clay Record, 128 [4] 93-94 (1956).—-Concrete, 
clay, and cement blocks for the construction industry are sub- 

jected for 8 hr. to 140 to 150 p.s.i. steam at 360° to 366°F. to in- 
crease their strength, reduce shrinkage from wetting and drying, 
and produce a more stable product. This treatment is superior 

to 28 days of moist curing. 7 figures T.H.E 

How sulfite waste liquor is used in cement manufacture. 
E. LANGINS AND H. Snow. Paper Trade J., 140 [3] 20-24 

(1956); abstracted in J. Appl. Chem. (London), 6 [6] i-786 
(1956).—The literature on the use of sulfite waste liquor in the 
manufacture of cement is reviewed, and results of laboratory 

experiments and a commercial mill trial are reported. The gran- 
ular strength, milling capacity, and production of cement were 

increased while fuel consumption was reduced V.R.E. 

Influence of clinkers on the mechanical strength of blast- 
furnace cement. Horst Sopora. Silikattech., 7 |6| 245-46 

d (1956).—-Six different clinkers with equal proportions of blast 

furnace slag and an addition of gypsum anhydride (for regulating 

the setting time) were ground to blast-furnace cement. Not 

considering fineness of grinding, content of free lime, etc., S 
found that clinkers with high C;S and C;A content are best suited 

for the activation of such slag. 4 figures, 4 references. M.Ha 

Modern lime slaking. Kurt Hever. Silikattech., 7 [7 
298-99 (1956).—Manual and mechanized methods are sur 
veyed. 4 figures, 2 references. M.Ha 

Modern shaft limekiln. Kari LAERMANN. Silikattech., 7 (7) 

291-93 (1956 ).—Building costs, heat utilization and consumption, 

operation, and equipment are described. 3 figures M.Ha 

Physical and chemical investigations of the burning and slak- 

ing oflime. G. Pont. Zement-Kalk-Gips, 9 [6] 275-84 (1956) 
Burning and slaking tests with three limes are described: white 
pure lime, dolomitic lime, and magnesian lime. Heating and 

burning were started at 200°C., the temperature being raised in 
increments of 100° to 1600°C. The burning was continued 

until complete decarbonation had taken place. Diagrams show 
expansion or shrinkage, density, porosity, and loss on ignition 

M.Ha. 

Physicochemical problems in the industrial manufacture of 
hydrated lime. A. BAcKMAN. Zement-Kalk-Gips, 9 [6] 262 
75 (1956).—A complete survey is made of present views on the 

reaction mechanics of lime slaking on the basis of the reaction 

process: (1) water absorption, (2) intermediate product CaO- 

2H.0, (3) reaction CaO-2H.O — Ca(OH). + H.O + 15.5 keal., 

and (4) flocculation and agglomeration. 17 references 
M.Ha 

Rational approaches to cement manufacture. WILHELM 
ANSELM. Silikattech., 6 [12] 537-41 (1955); translated in Pit 
and Quarry, 49 [1] 70-74, 146 (1956).—Increased production by 
intensified operation of present equipment is discussed for rotary 

kilns and mills. Suggested changes are given, together with re 

sults obtained from intensified combustion with powdered coal, 
air quenching coolers, and heat exchangers on the kiln. The 
relative merits of single vs. compartment mills and closed circuit 

9 figures 

D.J.B 
Recent technical developments in processing slag products: 

III, Preparation of lightweight slag products for the building in- 

dustry for use as aggregate and insulation. B. M. PEARSON 
Rock Products, 59 [6] 142-52, 159-60 (1956).—The effects of tem 

perature, quenching, foaming conditions, and sulfur content of 
the slag and the mechanics of various machines used in the bed 

foaming system are discussed. Tables show the properties of 
various lightweight aggregates and of the finished products in 

which they are used. Although not mentioned in the text, there 

are some charts on blown slag wool. 6 figures. For part I 

see Ceram. Abstr., 1956, Aug., p. 159¢ D.J.B 
Research on the hydraulic properties of granulated blast- 

furnace slag: II, Studies on the synthetic glassy slags in the 

system CaO-Al.O,;-SiO, reveal new data for cement manufac- 

grinding with air separation are also covered 
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TARO TANAKA. Rock Products, 59 [7] 106, 108, 110 
1956).—To exclude the effects of minor constituents, the melts 

ere prepared from pure reagents. The glass content was 

tudied with crossed Nicols and with Parker's bromoform 

ethod, with the latter found to be preferable. About 77 slags 
were studied, and the results are given for glass content, Zach 

ariasen number, specific gravity, hardenability, and compressive 
trength in a sand mortar as related to chemical composition 
When the glassy slag was CaO 51.6%, SiO, 31.82%, and Al.O 

6.58%, the strength was 96°; of that obtained with Portland 

For part I see Ceram. Abstr., 

turers. 

cement. 4 figures, 16 references 

1952, Nov., p. 197/ D.J.B 

Setting of gypsum plaster. D. A. Powe... Nature, 178 
$530} 428-29 (1956 ).—The initial thickening of slurries of hemi 

hydrate type gypsum plasters has been ascribed to a colloidal or 

capillary mechanism, while further hardening and final setting 
are attributed toa crystallization process. P. shows that crystal 
line dihydrate appears before the initial set; hence the setting 
process, both initial and final, is one of crystallization. The 

technique of recovering, examining, and mecsuring the crystals is 

described V.R.E 

Steam curing of concrete and its optimum conditions. S 
Brewer. Acta Tech. Acad. Sci. Hung., i4 [1-2] 39-54 (1956 
in German ).—The steam treatment applied to . .crete to ac- 

celerate its hardening results in a volume increase of the concrete. 

lo obtain the best possible strength for a particular concrete 

composition the steam treatment must take place in two distinct 

periods: the heating up period and the period of steady heat 
supply. During the first period the internal pressure developed 

in the concrete must be held below the surrounding pressure 
The optimum duration of this period is about 9 hr. for a body 20 

em. thick. During the period of pressure reduction and cooling 
(about 3 to 4 hr.), the pressure must be held above the surrounding 

pressure, with an optimum pressure of 12 atm. for steaming. 6 
references M.HaA 

Tests with slow-setting plasters. W. ALBRECHT. Zement- 
Kalk-Gips, 9 [6] 286-92 (1956).—Plastering tests carried out by 

the same team with machine-mixed and hand-mixed mortars of 
different kinds are described M.Ha 

Thermochemistry of cement raw materials. H. E. ScHWIETE 
AND G. ZIEGLER. Zement-Kalk-Gips, 9 [6] 257-62 (1956).—The 

mineralogical composition of some raw materials for cement 

manufacture was determined quantitatively by X-ray diffrac 

tion, and the argillaceous components were differentiated as kao 
linite, montmorillonite, and illite. Their heats of dehydration, 

determined with the reaction calorimeter, were as follows 

kaolinite 186 cal./gm. + 5°) (previous value 135), montmoril 

lonite 58.5 + 4%, and illite 43.2 + 7% These values, together 

with the newly determined heat of dissociation of CaCO, (422 

cal./gm., previous value 425) and the known heat effects for 
intercalated solid solutions (C;A in C;S, MgO in C;A), are used 
for recomputing the heat requirement for the burning of cement 

The resulting value for a batch with about equal proportions of 

the 3 clay minerals is 388.4 kcal. /kg. of clinker or 385 if 2°) ash 
absorption is taken into account. A really reliable value, how 
ever, will be obtained only after many more experiments. 22 

references M.HaA 

Time-temperature relation of the hardening of various types of 
cement. W.BrRanv. Zement-Kalk-Gips, 9 [7] 328-32 (1956 

The published time-temperature formulas for calculating the 

course of hardening of cement mortar and concrete are com 

pared as to their reliability B. describes tests made to deter 

mine the influence of storage at 5° and at 20°C. as a function of 

the maturity of the cement according to the formula given by 

Saul. This formula is found to be applicable for Portland ce 
ments, but blast-furnace and sulfate metallurgical cements stored 
at the two temperatures show differences. The magnitude of 

the difference can serve as a criterion for estimating the tem 

perature sensitivity of the hardening capacity of cements as 

illustrated by diagrams. 10 references M.Ha 

PATENTS 

Apparatus for producing hydraulic cement clinker. Morris 
A. Boorn. U. S. 2,762,619, Sept. 11, 1956.—1. In an appara 
tus for producing cement clinker, the combination of a generally 
tubular member having a rectilinear axis and having an axial 

passageway forming a burning zone adjacent one end thereof, 
fuel burning means for producing a flame in the burning zone 

generally coaxially with the axis of the tubular member, means 
lor conducting a high velocity gaseous stream axially through the 

tubular member from the burning zone, the axial passageway 
having an axial extension adjacent to the burning zone forming 

a clinker firing zone spaced axially downstream from the burning 
zone, means arranged circumferentially around the tubular mem 

ber for introducing a raw mix of cement under pressure into the 

path of the high velocity stream at the firing zone, the last-men 
tioned means being arranged such that the raw mix will be picked 

up by the gaseous stream, heated thereby, and conducted axially 

through the tubular member by the gaseous stream, and means 

spaced axially beyond the firing zone for separating the formed 

clinker from the gaseous stream D.J.B 

Caustic lime producing plant and process. JosepnH E. KEN 
NEDY. U.S. 2,760,768, Aug. 28, 1956.—1. A process for manu 
facturing lime from limestone, in which crushed limestone is 
burned in a substantially horizontal rotary kiln, is characterized 

by crushing limestone to a desired size for burning, removing dust 

from the crushed limestone, conveying the limestone into a dry 
ing zone and drying it in contact with hot gases from the rotary 

kiln, passing the hot gases through the drying zone to remove 

dust from the limestone, conducting the dried limestone to a 

screening zone and removing fines and dust, conducting the lime 

stone into a preheating zone and therein preheating it to a rela 
tively high temperature by contacting therewith substantially 

dust-free high temperature gases from the rotary kiln, feeding 

the preheated crushed limestone substantially free of dust into 

the feed end of the rotary kiln and therein advancing a stream of 

the crushed limestone gradually through the kiln countercurrent 

to high temperature combustion gases, completing the calcining 
of the limestone in the discharge end portion of the rotary kiln, 

and discharging the calcined limestone. D.J.B 
Cement mortar composition of matter. Henry P. BurNey, 

JR., AND JOHN L. Fe_per. U. S. 2,763,561, Sept. 18, 1956.—1 

A compositiou of matter adapted for use as a water retaining 
bonding material for applying masonry units to a surface consists 
essentially of 94 Ib. of Portland cement, 15 Ib. of silica of at least 

200 mesh, 1 to 5 Ib. of asbestos fiber, and color 1 to 5 Ib 

D.J.B 

Cements comprising an aqueous solution of an alkali metal 
silicate and a polysiloxane which contains hydrocarbonoxy 
groups. RonaLtp H. Cooper (Dow Chemical Co.). U. S. 

2,762,785, Sept. 11, 1956.—An acid resistant cement consists 

essentially of a water-glass solution and 3 to 30% by weight, 
based on the weight of the alkali metal silicate in the water-glass 
solution, of an aliphatic hydrocarbonoxy substituted siloxane in 
which at least a major portion of the silicon atoms are connected 
by SiOSi linkages and any remaining linkages are of the type 

SiSi and/or SiR’Si, where R’ is a divalent hydrocarbon radical 
The remaining valences of the silicon atoms in the siloxane are 
satisfied with monovalent hydrocarbon radicals in the average 

amount of 1 to 1.5 radicals per silicon atom and radicals of the 

formula OR”, in which R” is an aliphatic hydrocarbon radical 

The latter radicals are present in the average amount of 0.03 to 
2 OR’ radicals per silicon atom. In the siloxane the sum of the 

average number of hydrocarbon radicals and the OR” radicals is 

not greater than 3. These compounds are known as partially 

hydrocarbonoxy siloxanes, and the preferred amounts when 
fillers are used is 0.5 to 3% by weight of the over-all composition 

including water-glass solution plus filler plus siloxane The 
sodium or potassium silicates should have a specific gravity of 

1.325 to 1.355, and the ratio by weight of alkali metal oxide to 

SiO, will be 1:3 to 1:3.5 

, comprising 50 to 75°, of the total weight of the 

Suitable fillers are silex, diatomaceous 
earth, sand, etc 

cement. In the preferred example the filler was powdered silica 

(92.47 SiO.), and the sodium silicate 37°), by weight solids with a 

specific gravity of 1.353 and 1 Na,O to 3.20 SiO rhe siloxane 
was 85° by weight of (4) a fluid alkoxylated polysiloxane and 

5°> of (B) a nonalkoxylated polysiloxane resin 1 had 1.1 

total monovalent hydrocarbon radicals per silicon atom and 24°; 
by weight silicon bonded methoxy groups. #& had 1.2 methyl! 

groups per silicon atom and was benzene soluble, and all of the 
polymer linkages were SiOSi linkages. In mixing one of these 

the 1.80°) siloxane was added to 28.8°, sodium silicate with 
continuous stirring until a homogeneous dispersion was obtained 

The 69.2; filler was then gradually added with stirring until a 

smooth mix was formed D.J.B 

Method and apparatus for producing plaster. Gi_serr A 
HOGGATT AND CLARENCE G. SHUTTLEWORTH (Bestwall Gypsum 

Co U. S. 2,767,065, Oct. 16, 1956.—1. A gypsum calcining 
apparatus comprises, in combination, a basket, means for deliv 

ering a load of raw gypsum rock particles into the basket, a 
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calcining kettle adapted to hold an aqueous calcining solution, 
means for carrying the basket into the kettle so as to submerge 
the raw gypsum rock therein, means for heating the kettle caus- 

ing the calcining solution therein to circulate through the rock 

particles in the basket, a rinsing tank adapted to collect a fluid 

therein, means for removing the loaded basket from the kettle 

and depositing it in the rinsing tank, means associated with the 
rinsing tank for feeding a rinsing fluid over the contents of the 
basket, the rinsing fluid being collected in the rinsing tank, a 
leaching tank adapted to hold water, means for heating a supply 

of water in the leaching tank, means for removing the loaded 
basket from the rinsing tank and depositing it in the leaching 

tank, means connecting the rinsing tank with the calcining kettle 
for replenishing the calcining solution in the kettle from the fluid 

in the rinsing tank, a drier, means for removing the basket from 
the leaching tank and depositing the contents in the drier, means 

for applying heat to the drier, and means connecting the leaching 

tank and the means for feeding the rinsing fluid over the basket 
whereby the rinsing fluid is supplied to the rinsing means from 

the leaching tank D.J.B 
Process for bonding hydraulic cementitious materials. HeErR- 

BERT J. Larsen. U. S. 2,760,885, Aug. 28, 1956.—This patent 
covers the process of applying Portland cement or gypsum plas- 

ters by first applying to the base material a film of an aqueous 

emulsion of polyvinyl acetate, the deposited solids of which will 
re-emulsify in contact with water, drying the film, and later re- 
emulsifying the film by applying the hydraulic mortar. The 

film may be commercially available polyvinyl acetate emulsion, 
but it is preferred to add plasticizing agents such as polychlori- 

nated diphenyl and tricresyl phosphate, in about equal amounts 

varying from 4 to 12 parts by weight for each 108 parts by weight 
of the base emulsion, along with hexylene glycol. A preferred 
composition in parts by weight is 100 polyvinyl acetate emulsion 

(55 to 60% solids), 8 polychlorinated diphenyl (Arachlor), 8 tri- 
cresyl phosphate, and 2 hexylene glycol dissolved in 5 water 

The Arachlor and tricresyl phosphate are first mixed at 100° to 

110°F. and then added to the emulsion with stirring. The hexyl- e 

January 

ene glycol mixed with water is then stirred into the emulsio: 
for about 1 hr. at about 400 r.p.m D.J.B 

Sand mixture useful in making masonry mortar. Davi» 
Trersten. U. S. 2,757,096, July 31, 1956.—A prepared sand 
mixture for making mortar includes the following ingredient 
(by volume): 59.735° sand, 0.0059, diethylhexanol, 0.250°, 

sodium salt of a condensed mononaphthalene sulfonic acid, 

0.010% sodium salt of dodecylbenzene sulfonate, 20.000% in 

fusorial earth, and 20.000% active volcanic pozzolan 

D.J.B 

Water resistant coating compositions. Srmmon S. SCHULMAN 
(Siliphane Corp. of America). U. S. 2,760,876, Aug. 28, 1956 

A dry airtight packaged product to be mixed with water to form 
a water-resistant coating consists mainly of Portland cement 
with titanium dioxide, barium sulfate, zinc sulfate, calcium and 

magnesium carbonates, yellow, red, and black iron oxide, iron 

chromate or any mixtures thereof, clay, and asbestos, the par- 

ticles being about 300-mesh size and coated with alkyltriethoxy- 
silane. The alkyl group of the silane has 1 to 5 carbon atoms, 
and the silane is 1 to 10°% by weight of the particle it covers and 
in the hydrophilic unpolymerized state. A sodium ethyl sili 

conate may also be used, but the pigment must first be treated 
with aluminum stearate making the product more expensive 

and harder to mix with water for application. The preferred 

ethy! silane is applied to the pigment at a concentration of about 
5° by weight at about 15 p.s.i. and a temperature of 25° to 
80°C. in a sealed mill. This material is then mixed with the 
other dry materials. Although wider ranges are claimed, a pre 

ferred composition in parts by weight is as follows: white Port- 
land cement 63, hydrated lime 15, pigment 15, calcium chloride 

4, sodium silicate 1, bentonite 1, and aluminum silicate 1. The 

pigment may be composed of titanium dioxide, silica, and alu 
minum oxide, or mineral coloring agents may be included. This 
powder (7 lb.) is mixed with 2 quarts of water and allowed to 

stand for 20 min. before application. After application the reac 
tion is exothermic and is not completed before 48 hr. to produce 

water repellency or a reduction in water absorption D.J.B 

IV—Enamels and Refractory Coatings for Metals 

Aluminum enameling: I, Aluminum enamels vs. enamels for 
steel. Paut A. Huppert. Ceram. Ind., 66 [6] 72-73 (1956) 

The average coating thickness of aluminum enamels varies from 
0.001 to 0.0025 in. per layer, while modern titania-base enamel 

coatings on steel are 0.006 to 0.008 in. thick. The thin coating 
on aluminum improves resistance to impact, thermal shock, and 

torsion. Differences in coefficients of expansion are less detri 

mental because of the thin layer. Surface hardness is somewhat 
impaired by a thin coating. Enameled aluminum panels can be 
cut without showing damage or chippage to the naked eye. Raw 

edges need not be protected, since aluminum oxide, unlike iron 

oxide, forms a protective layer. 1 photo. II, Light-metal enamel- 
ing. Jbid., 67 [1] 64-65, 97-98.—A literature review covering 
the development and techniques of aluminum enameling. 1 

photo, 36 references. III, What enamelers should know about 

aluminum. /bid., |2| 73-75.—Both wrought and cast aluminum 
alloys are described. Aluminum-magnesium silicide type alloys 

call for special metal surface pretreatment to avoid spalling (in- 
stantaneous or delayed) due to inadequate adherence. T.H.E 

Panels make the building. ANon. Ceram. Ind., 66 [5| 62-63 

(1956).—The design and use of porcelain enamel panels for 
the exterior of buildings (curtain wall construction) are covered. 
5 figures r.H.E 

Reclaiming dry process enamel ‘‘sweepings.’’ W. T. Dyre 
Am. Ceram. Soc. Bull., 35 [11] 436-87 (1956).—Because of the 
high tonnages involved, most dry process enameling plants manu- 

facture their own frit. Directly associated therewith is the rec- 

lamation of contaminated enamel powder collected from the 
floor and pits at the furnace area. In addition to foreign matter, 
various colored returns often get mixed together or with white 
enamels. Practical methods are described for the control and 

treatment of these enamel powder ‘‘sweepings” as received from 

the enameling department of a large cast iron sanitary ware plant. 

Use of groundcoats in sheet enameling. Hans HapwiGER. 
Silikattech., 7 [7] 305-308 (1956).—The great importance of coat- 
ing a sheet with a firmly adhering ground enamel which has an 

expansion coefficient similar to that of the metallic sheet is 

pointed out; many defects in the finished enamel ascribed to the 
cover coat are really caused by the ground coat. A good enamel 

(1955) consists of SiO, 32.6, B.O; 16.6, NasO 13.1, KeO 3.6, ALLO 

5.3, CaF. 10.4, BaO 15.1, CoO 0.7, NiO 0.7, and MnO 1.7% To 

a ground coat of a given composition, up to 80° additions can 

be incorporated in the mill; boron-free and silicate mixtures may 
be used as fillers. Electrolytes and sulfur compounds, e.g., anti 
mony sulfide, are added as wetting agents. The structure of the 

enamel layer is stabilized by adding quartz and other difficultly 
melting compounds, a high alumina content being especially 

favorable. The nearer the ground coat approaches the ceramic 

composition, the better are the conditions for firing on the cover 
coat 7 references M.Ha 

PATENTS 

Ceramic coating for compressor blades, coated blades, and 
method of making. Jack H. Terry (General Electric Co.) 

U. S. 2,757,105, July 31, 1956.—This coating is designed to have 

a coefficient of expansion similar to that of the base metal and to 

provide a corrosion and abrasion resistant layer with good ad- 

herence at elevated temperatures. The range for the enamel slip 
claimed comprises by weight 40 to 70 parts of a frit having a high 
barium oxide content of 2) to 40% by weight, about 10 to 40 

parts of a frit having a high cobalt oxide content of 0.5 to 3.0% 
by weight, about 10 to 40 parts of a refractory material, 0.25 to 

5 parts of nickel oxide, 0.25 to 5 parts of cobalt oxide, and 3 to 

8 parts of suspension agent. A single frit will not produce the 

properties obtained by using the two separate frits. In one pre 
ferred slip the two frits used are as follows: 

Frit 1 Frit 2 
(% by weight) 

Silica 32.0 40.5 

Borax 22.0 30.0 

Aluminum hydrate 2.0 5.0 
Molybdenum oxide 3.0 3.0 
Barium oxide 36.0 0.0 
Cobalt oxide 0.0 95 

Fluorspar 0.0 7.0 

Sodium nitrate 0.0 12.0 
0.0 Zine oxide 5.0 
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fty parts by weight of frit 1 is mixed with 18 parts of frit 2, 

i to these are added 22 parts of silica, 1 nickel oxide, 2 cobalt 

vide, 5 clay, '/:— bentonite, '/;, sodium nitrite, and 60 water 

e mixture is milled to a fineness of 0.3° on a 325-mesh screen, 

d the specific gravity is adjusted to 1.70. The compressor 

ide is prepared for coating by degreasing or by an emulsion 
eaner, rinsed, dried, and sandblasted with 30-grit flint sand at 

pressure not over 5 p.s.i. to prevent work hardening of the 
blade. The piece is coated with slip stifficient to produce a fired 

thickness of 0.001 in. and fired for 30 min. at 1740°F. in a slightly 
reducing atmosphere having a percentage composition of 11 
ydrogen, 8.2 carbon monoxide, 6.2 carbon dioxide, 1.5 methane, 

ind 73.1 nitrogen. After firing, the blade is tempered for 6 hr 

it 1165°F. in air and cooled to room temperature; the enamel 

is protected by a rubber mask, the coating is removed from the 
ittachment portion by light sandblasting, this portion is coated 

with a rust preventive, and the rubber masks are removed 

D.J.B. 
Coated refractory body. Rosert A. KEMPE AND GEORGE W. 

CRONINGER (Thompson Products, Inc.). U. S. 2,763,919, Sept 
25, 1956.—A jet engine part adapted to withstand high stresses 

and impacts in high temperature corrosive atmospheres com 
prises a strong, tough, creep-resisting refractory base metal 

article composed of metals selected from the group consisting of 

molybdenum and tungsten, a hard brittle oxidation-resisting 
coating selected from the group consisting of silicon, aluminum, 
and zirconium and containing intermetallic compounds of the 
base metal and the coating bonded to the article, a ductile metal 

anchoring coating on the hard brittle coating selected from the 

group consisting of iron, nickel, and chromium, a ductile metal 
coating on the anchoring coating selected from the group con- 

sisting of molybdenum, chromium, iron, nickel, and cobalt, and 

a vitrified ceramic oxygen-impervious coating covering the duc- 
tile coating D.J.B 

Coating compositions. Fo.rsom E. Drummonp (Midland 

Chemical Corp.). U. S. 2,765,237, Oct. 2, 1956.—A protective 
metal coating composition which is resistant to abrasion and 

atmospheric conditions conducive to corrosion is composed of 
finely divided zirconium metal particles dispersed in liquid 

sodium silicate, the zirconium metal particies being of a particle 
size such that approximately 80°% passes a 200-mesh screen, and 

the same is mixed with sodium silicate in the proportionate 
amounts in parts by weight of about 60 to 120 parts zirconium 

metal and 20 to 40 parts sodium silicate, the resultant composi- 
tion being adapted to be applied to a metal surface to form on 
baking at 200° to 300°F. a continuous hard tenacious adherent 
protective coating film thereover D.J.B 

Corrosion and impact resistant article. Percy P. TURNER, 
JR., AND ROBERT R. RUPPENDER (Thompson Products, Inc 
U. S. 2,763,920, Sept. 25, 1956.—1. An impact and corrosion 
resistant turbine bucket comprises a base of molybdenum metal 

and an impact resistant coating overlying and bonded to the 

molybdenum base, the coating comprising a nickel-chromium 
alloy consisting essentially of about 65 to 90°% nickel, about 8 to 

20°, chromium, and about 1.0 to 8.0°;), boron with the remainder 

consisting essentially of iron and silicon, the coating being capa 

ble of withstanding mechanical shock without fracturing 

D.J.B 
Corrosion and impact resistant article and method of making. 

Percy P. TURNER, JR., AND ROBERT R. RUPPENDER (Thompson 
Products, Inc U. S. 2,763,921, Sept. 25, 1956.—-1. An impact 

und corrosion resistant article comprises a base consisting essen 
tially of molybdenum and an impact resistant outer surface 

coating bonded to the base, the coating consisting essentially of 

1 matrix of a nickel-chromium alloy containing dispersed particles 
of a nickel-chromium alloy having a higher melting point than 
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the matrix, both the matrix and the particles having a composi 

tion within the following range: Mn 1.0 max., Si 0.5 to 5.0, Fe 

1.0 to 5.5, Cr 8.0 to 20.0, B 1.0 to 8.0, Ni 65 to 90, Zr 0.05 max., 
Ca 0.20 max., and C 0.70 max D.J.B 

Insulated porous aluminum strip. JoserpH B. BRENNAN 

U. S. 2,762,724, Sept. 11, 1956.—1. A composite conductor and 
insulator comprises an interstitially porous aluminum strip and 
a layer of dielectric impregnating material taken from the group 

consisting of the oxides and hydroxides of aluminum, magnesium, 

and zirconium, the material encompassing the strip, being inti 
mately bonded thereto, and extending into the pores and inter 
stices thereof from the external faces to the center D.J.B 

Metallurgical flux compositions. Epwarp H. Grar. U. S. 
2,760,859, Aug. 28, 1956.—1. A metallurgical flux composition 
having special utility in application to aluminum and aluminum 
base alloys comprises about 70 to 85 parts of a sodium fluoride 

salt selected from the group consisting of sodium silicofluoride 

and sodium fluoride, about 15 to 20 parts of amorphous carbon, 
and about 30 to 15 parts of a flux base composition containing 
about 50 to 85 parts of fused alumina, about 3 to 6 parts of ti 

tanium dioxide, about 10 to 40 parts of silic« m, and about 5 to 20 

parts of carbon chemically combined with the silicon, the alumina 

and the titanium dioxide being in the ratio of about 80 to 4 parts, 
respectively, and the silicon and carbon being in the ratio of 
about 12 to 5 parts, respectively D.J.B 

Process of sealing anodized aluminum and aluminum base 
alloys. KENNETH HAMPEL (Jervis Corp.). U. S. 2,767,134, 
Oct. 16, 1956.—1. A process of sealing aluminum oxide coat 
ings on aluminum or aluminum alloys comprises heating an article 

having an electrolytically produced aluminum oxide coating for 
about 15 min. in an aqueous solution of sodium nitrite within a 
temperature range of about 160°F. to below the boiling point of 

the solution D.J.B 

Spraying process. SAMUEL W. BRADSTREET AND JAMES S 

Grirrit” (Armour Research Foundation of Illinois Institute of 

Technology). U. S. 2,763,569, Sept. 18, 1956.—1. A coating 
method comprises providing a solution in water of an oxygen 
containing substantially unsolvated metal salt that is thermally 
decomposable at 400° to 600°F. to yield directly a refractory 

metal oxide, the metal oxide content of the solution being 0.1 

to 10°), atomizing the solution, and directing the atomized solu 

tion against a surface having a temperature of 400° to 600°F 

which is hot enough to thermally decompose the compound to 

release the refractory metal oxide particles in discrete form to 
contact and adhere to the surface and to volatilize the remaining 

volatile components within the time period from just prior to 
contact between the particles and the surface to substantially the 
instant of contact between the particles and the surface, whereby 

the particles of refractory metal oxide retain the solid form after 
decomposition of the metal compound and while retained on the 

surface so as to provide a coating on the surface D.J.B 

Steel pickling process. EpGar A. Haun (Lyon, Inc U.S. 
2,762,728, Sept. 11, 1956.—-1. A method of pickling wrought 
stainless steel comprises the step of immersing the steel in a bath 

consisting of an aqueous pickling solution of 5 to 20°) by weight 

sulfuric and 5 to 20°; nitric acid at 120° to 180°F D.J.B 

Treatment of cast iron. Sam F. Carter, JrR., CHARLES Kk 
DoNOHO, AND Ray A. Dyke, JR. (American Cast Iron Pipe Co 

U. S. 2,765,225, Oct. 2, 1956.—3. An exothermic flux for the 
treatment of molten cast iron contains about 8 to 25°), oxidizing 

agent, about 2 to 34°) rare earth oxides, and the remainder a 

calcium compound, wherein the amount of calcium metal is in 
excess of that required to react exothermically with the oxidizing 

igent 

Additional abstract 

Sect. XII: Effect of water in enamel and glaz operatt 

V—Glass 

Bibliography on glass structure. Compiled by W. G. Law 

RENCE. 1956. 52 pp. Available from W. G. Lawrence, State 
University of New York, College of Ceramics at Alfred Univer 

ity, Alfred, N. Y. 50¢.—This bibliography is composed of 235 

references covering the period 1861 to June 1955. A vearly re 

ision is planned 
Chemical durability of glasses: II, Comparative study on 

durability of certain commercial laboratory glassware. ATMA 

Ram, S. Kumar, AND H. R. Menta. J. Sci. Ind. Research 

of some chemi (India), 14B [6] 281-84 (1955 The durabilit 

cally resistant borosilicate glasses used in the manufacture of 

laboratory glassware and medicinal containers was determined 

by the methods described in part I. The standard neutrality 

test based on the measurement of pH of the extracts has serious 

limitations in the determination of the chemical resistance of 

glass. Appreciable amounts of sodium and boric oxides are pre 

ent in the aqueous extracts, obviously a result of corrosion of the 

glass surface. The amount of sodium oxide extracted from glass 
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samples exposed to the atmosphere for about a month was con- 
1 reference. For part I see Ceram. Abstr., 1955, 

June, p. 1038¢ B.L.M. 

Crystalline phase in fluoride opal glasses. G. ROTHWELL 

J. Am. Ceram. Soc., 39 [12] 407-14 (1956).— The crystalline phases 

present in fluoride opal glasses containing various combinations 
of divalent oxides have been identified. On the basis of these ob- 

servations, the occurrence of various fluorides is discussed. The 

information deduced concerning the relative ease of precipitation 
of the various cations as fluorides is considered and explained in 
terms of the part played by such ions in the glass structure. It is 

shown that, other factors being equal, those ions which may be 

considered as taking part in the structural network are less liable 

to form a crystalline fluoride. 5 references 

Developments in frosting plate glass. A. G. AREND. Glass, 

33 [7] 330-32 (1956).—Recent developments in sandblasting 
machines are discussed. 2 figures V.R.E 

Effect of pressure on glass structure. ©. L. ANDERSON. J 
Appl. Phys., 27 |8] 943-49 (1956).—The anelastic response of a 

glass structure to pressure is examined in terms of the random- 

network hypothesis. Pressure changes the amount of skewness 

and therefore the average bond length, which determines the 

density. Two types of volume flow are reported, densification 

and compaction, of which only the former is reversible. Ex 

perimental results for Corning 7052 glass show that both densifi 
cation and compaction exist for combinations of the p, 7, and + 

conditions 3800 to 6600 atm., 100° to 300°C., and 15 min. to 1 

week. These experiments also show that the kinetics of the 
densification process agree qualitatively with theoretical pre 

dictions. 7 figures, 17 references W.A 

Flow and temperature conditioning of glass for container 
manufacture: II. Roy S. ARRANDALE. Ceram. Ind., 66 [5] 
70-72 (1956).—A. discusses the flow of glass in a continuous tank 

operating at a high pull rate. After the molten glass leaves the 

effective mixing zone, it moves in an essentially streamlined 

fashion at a rate inversely proportional to the viscosity. In 

amber and green glass there is very little crossflow. The flow 
rate diminishes in depth with higher viscosity. Beyond the effec- 
tive mixing zone some mixing occurs by composition density 

difference. Mixing due to convection currents is not controlling 

Streamline displacement is maintained through the throat 

Sources of glass defects may be traced by noting their position 
on the gob. The wear on a throat is always in an upward direc- 
tion. The erosion pattern indicates that the major part of the 

flow is from and to the surface of the melt. For part I see Ceram. 
Abstr., 1956, Nov., p. 2367. 6 photos. T.H.E. 

Glass blowing (3rd series): III, Open ended internal seal. 

J. A. Frost. Lab. Practice, § [4] 134-38 (1956).—The making of 
seals similar to those in a Dewar flask is described, including 

seals for double-walled flasks with holes through both walls. 12 
figures. IV, Tilt measure. Jbid., [5] 167-203.—The making of 
this device for delivery of a roughly constant volume of liquid 

involves several useful glass blowing and joining techniques 

5 figures. V, Glass to metal seals. Jbid., [6] 217-20.—Both 

matched and unmatched seals and means for making beads 

around a wire for subsequent sealing into glass are described 
10 figures. VI. Jbid., [7] 256—-58.—Methods for inserting disks, 

rectangles, or other shapes of Pt foil or sheet attached to wire 

and projecting inside glass apparatus are described, together with 

the sealing of metals such as W into hard glass. 4 figures. VII, 
Platinum to borosilicate glass seals. Jbid., [8] 298-301 

Methods of making simple and complex seals and of fixing Pt 
plates to glass rods are described. For parts I, II see Ceram 

Abstr., 1956, Sept., p. 1867. 11 figures. W.A. 

Glasses and molecular structures. IvAN Prycuits. 
soc. ing. civils France, 109 [3] 163-73 (1956).—Old and current 

theories on the nature of glass and the various methods used to 

investigate its structure are discussed thoroughly. The crystal- 
lite theory seems to have good possibilities, but X-ray investiga- 

tions now being made up to 1000°C. may give more concrete 

results. M.Ha 

Greater cleanliness in glass blowing. Rupr KLEINTEICH 
Glas-Email-Keramo-Tech., 7 [6] 224-27 (1956).—It is not gener 

ally realized that technical troubles in the use and further proces- 
sing of glassware can be caused by contamination at the blowing 
bench. Impurities on the surface may cause difficulties in silver- 

ing, in the distortion of an Hg meniscus, the devitrification of the 

glass, and the cracking of glass-to-glass seals. A plea is made 

for greater cleanliness of the working bench (freedom from dust, 

siderably less 

January 

wax, asbestos fragments, etc. ), working tools, and hands (deposits 

from perspiration may cause trouble with glass-to-metal seals 
The practice of marking hot glass by touching with rubber i 
deprecated; a mark with the glass knife or slate is recommended 

Dirt on cut surfaces which are to be sealed together is a frequent 
cause of trouble. Glass cut by a wet abrasive should not bi 

allowed to dry before the debris is removed; otherwise its com 
plete removal is very difficult. S impurities in the gas flame can 
also lead to fracture, and the blue bloom which is often attrib 

uted to a state of strain in the glass is really due to sulfate con 
tamination. It is important to clean the glass stock thoroughly 

by washing (final rinsing with distilled water), cutting the stock 
into shorter lengths if necessary. J.AS 

Influence of water immersion treatment on tensile strength of 
glass—effect of temperature. V. K. Moorrny, F. V. Too.ey, 
AND G. F. StocKpDALE. J. Am..Ceram. Soc., 39 [11] 395-98 

(1956).—An earlier investigation showed that marked increases 
in the tensile strength of glass could be achieved by soaking the 

specimens in water at 90°C. Increases in strength for the three 

glasses studied (soda-lime, lead, and borosilicate) were shown to 

depend on time of soaking. The work described deals with the 
effect of soaking temperature on strength. A constant soaking 

period of 24 hr. and soaking temperatures of 30° and 60°C. were 
used. Results were consistent with the view that chemical reaction 
between water and glass under proper conditions may result in 

strength increases due to the reduction in stress-concentration 

potentials of flaws. 5 figures, 5 references 

Limitations of the fictive temperature concept. H. N. Ri 
LAND. J. Am. Ceram. Soc., 39 [12] 403-406 (1956).—-The fictive 

temperature concept, in which the structural state of the glass 

is characterized by the fictive temperature r, is very useful in 
the qualitative description of the effects of thermal treatment in 

the transformation range. Experimental data show, however, 
that such a one-parameter description has only a limited quanti 

tative significance. When samples of a borosilicate crown glass 
annealed at various constant cooling rates are compared with 
samples annealed at constant temperature, it is found that a 

single parameter does not specify all physical properties simul 
taneously and that the two types of samples differ markedly in 
transformation-range kinetic phenomena. Properties studied 

include density, refractive index, low-temperature thermal ex 
pansion, approach to equilibrium at constant temperature, and 

thermal expansion during heating in the transformation range 

5 figures, 13 references 

Modification of glass surfaces by p-nitrobenzyl bromide. 
WOLFGANG HALLER AND HeEyMAN C. Duecker. Nature, 178 
[4529] 376-77 (1956).—-A study of the surface hydroxy] group of 
silicate glasses showed that glass surfaces become permanently 

hydrophobic after treatment for 1 hr. with a dry 30° toluene solu 
tion of p-nitrobenzyl bromide at 100°C., the effect being noted 
with vitreous silica, borosilicate glasses, and glasses of other 

compositions. The maximum effect was found on glass freshly 

cleaved under distilled water and vacuum dried before treatment 
3 references V.R.E 

New look at flow in glass tanks. R. W. Hopkins. Ceram 

Ind., 66 [6] 84-87, 101 (1956).—H. discusses the flow of colored 

container glass in tanks on the basis of personal experience and 
8 figures T.H.E 

Ceram 

observations 

Operating the glassfurnace: I. RicHArp W. SPAIN 
Ind., 66 [5| 76-78 (1956).—-Low temperatures at the charging 

end favor the formation of large batch blankets and provide 

maximum time for decomposition reactions. The glass is less 

fluid at lower temperatures and thereby resists free movement of 
the floating batch. Various opinions on temperature conditions 
which should be maintained between the hot zone and the port 

adjacent to the melter bridgewall are discussed. Operating rules, 
thermal currents, and temperature gradients are also covered 

4 figures. II, Maintaining temperature gradients. Jbid., (6) 
88-90, 130.—Temperature gradients for 4, 5, and 6 port glass 
melting furnaces are discussed. Temperature measurements 

with the optical pyrometer are covered. 4 figures. III, How to 
control the fining process. /bid., 67 72-74.—-A reduction in 

temperature of the melt after it is batch-free is helpful in reduc 
ing gaseous inclusions. The refiner temperature is a function 

of the glass temperature, quantity of glass flowing into the re- 
finer, temperature at the bridgewall end of the melter, furnace 

pressure, size and geometry of refiner, and the refractory. Meth 
ods of controlling the refiner temperature are discussed 

figures. IV, Watch that tank temperature! /bid., [2] 84-86 
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Tank furnace operating temperatures in the melter area are 
2 figures. Cf. Ceram. Abstr., 1956, Nov., p. 246i. 

T.H.E. 

Polarographic studies on ferriphosphate complexes in solution. 
\rmaA Ram, A. K. Bose, anp S. Kumar. J. Sci. Ind. Research 

india), 13B [3] 217-19 (1954).—Spectrophotometric, polaro- 

raphic, and magnetic measurements on ferriphosphate complexes 
| aqueous solutions were undertaken to explain the suppression 
f the colors imparted by iron compounds in glass by the incor- 

oration of phosphates in batches. Studies revealed that (1) 
the reduction of the complexes was reversible, and the change in 

valency was one; (2) two complexes were formed, one of which 

contained four (H,PO,)~ groups; and (3) the dissociation con 

stant of the complex containing four (H.PO,)~ groups was of the 

rder of 10~*. 1 figure, 5 references B.L.M 

Relation between refractive index and elastic moduli of a 
borosilicate glass after heat-treatment. Sam SPINNER AND 
ALBERT NAPOLITANO. J. Am. Ceram. Soc., 39 [11] 390-94 
1956 ).—-Several specimens of a borosilicate glass were subjected 

to different annealing schedules, and the refractive indices and 

elastic moduli were measured and compared after each heat 

treatment. The elastic moduli were determined by a dynamic 
resonance method at frequencies both within and slightly above 
the sonic range. The refractive indices were measured on the 

Grauer refractometer. A linear relation was found to exist be 

tween these two properties for specimens with different heat 
treatments. A linear relation has already been established be 

tween refractive index and density by several investigators. This 
indicates that a single fictive temperature (7) scale can be used to 

characterize the condition of a glass with respect to three proper 

ties: index of refraction, density, and elastic moduli. 1 figure, 

scussed 

23 references 

Spherical ground glass joints. Brit 
1956 Price 2s.—The standard specifies 

spherical joints of six sizes for glass laboratory apparatus and de 

scribes methods of testing and the tolerances permitted 

Standard, No. 2761 

interchangeable 

A.B.S 
Thermal expansion of binary alkali silicate glasses. HERMAN 

F. SHERMER. J. Research Natl. Bur. Standards, 57 [2] 97-101 

1956 Thermal expansions are reported for a number of binary 

lithium, sodium, and potassium silicate glasses over the rang 

from room temperature to their deformation points. The ex 
pansivities of the glasses increased with increasing alkali oxide 

concentration. These expansivities were used to calculate den 

sity values, which were correlated with density measurements in 

At room temperature the density of each series 

With in 

creasing temperature, the density-temperature curves for each 

the liquid range 
increased with increasing alkali oxide concentration 

binary series crossed each other and the density-concentration 

order was reversed. This reversal occurred in the lowest tem 
perature range for the lithium silicates, in an intermediate range 

for the potassium silicates, and in the highest range for the sodium 

silicates 7 figures, 12 references M.J].K 

Thermal insulation materials. R.A. MANSBERGH. Power & 

Works Engr., 51 [601] 257-60, 283-84 (1956).—-A survey of types 
f materials available, their applications and limitations, and the 

economic factors controlling a choice. 8 figures V.R.E 
Water gauge glasses for steam heating boilers. Epwarp 

INGHAM. Ind. Heating Engr., 18 [127] 146-47, 154 (195€ 
Che characteristics of high quality gauge glass and its applica 

tion are discussed V.R.E 

What is your problem in glass conditioning? Henry E 
80-82 (1956). 2 figures 

T.H.E 
WALKER. Ceram. Ind., 67 [2 

BOOK 

From Broad-Glass to Cut Crystal. D. R. GuTTeR\ 
Hill, Ltd., London, 1956. xiii + 161 pp., 78 plates. Price 35s 
Reviewed in Pottery and Glass, 34 [9] 314-17 (1956).—The history 

Cf. Ceram. Abstr., 1955, May, 

C.M.C 

Leonard 

of Stourbridge glass is presented 
p. S4) 

PATENTS 

Apparatus for grinding or polishing the two faces of a moving 

horizontal ribbon of glass simultaneously. Ropert TOUVAY 
AND PIERRE Priuvu (Pilkington Brothers, Ltd.). U. S. 2,757,489, 

Aug. 7, 1956.—In the polishing process, when the working sur 
face of a polishing pad operating on the underface of the ribbon 

if glass is below the correct level of the working plane defined by 
the lower rollers for supporting and moving the ribbon between 

tools, e.g., owing to its felt wearing more rapidly than that of the 

other pads mounted on the same polishing tool, the ribbon is de 
flected when passing over this polishing pad under the pressure 
of the upper polishing pad and may break if the deflection exceeds 

a few tenths of a millimeter. To prevent local sagging in a 
moving ribbon of glass, the deviation of the ribbon is used to 

initiate resetting of the tool to return the ribbon to the intended 
path of movement H.E.S 

Apparatus for shaping glass tubes. GrorGe K. PORTER 

U. S. 2,754,626, July 17, 1956.—On a support is mounted one or 

a plurality of vertically disposed pending tube engaging mount 
ing connections in communication with an air evacuating sys 

tem, and each tube mounting is rotated clockwise or counterclock 

wise. A battery of electrical heating units is mounted on a 

common support spaced vertically from the tube-mounting con 
nections. Each heating unit comprises a hollow vertical coil of 
heavy resistance wire enclosed in suitable insulation except for 

a vertically extending sight window The interior of the coils 

can be seen by the operator through the sight windows and 
through the spaces between the coil turns. Each coil is ver 

tically aligned with a tube-mounting element. The coils are 

heated by a low-voltage high-amperage alternating current. The 

tubing lengths with inserted mandrels are moved axially up 

wardly into the tube-mounting connections, the tubes are then 

threaded through the coils, and the evacuation pump is started 

When the heating battery has risen far enough to bring the glass 

into contact with the thicker end of the mandrel, the shaping is 

completed; the battery of heat units is withdrawn downwardly, 

the mandrels are withdrawn, the ends of the shaped tubes are 

cracked off, and the tubes are cut and ground H.E.S 
Automatic glasscutting machine. FLORIAN \ ATKESON 

(Pittsburgh Plate Glass Co.). U. S. 2,756,545, July 31, 1956 
An entirely new principle of glasscutting involves applying a 

compressive bending force to a sheet of glass during the cutting 

operation and then rapidly but gradually reversing the nature 

of the force to a tension or opening force, thereby running the 

cut. The cut does not run beyond the point of zero stress. Cross 

cutting means can be combined for cutting a plurality of block 

Machines using the double flexure 

2) block or 

pattern 

sizes from a larger sheet 

method have been designed for (1) edge stripping, | 

“cordwood” size cutting, (3) circle cutting, and (4 
cutting H.E 

Bottle forming machine. Samuet E. WINDER (one-half to 
Henry C U. S. 2,757,484, Aug. 7, 1956.—The 

machine comprises a mold, a mold head engagement therewith, 

The mold head comprises 

S 

Daubenspeck 

and fluid flow passages in the mold 
separable sections for finish forming rhe finish forming el 

ments are movably supported on each mold section, the fluid 

flow passages extending by separate routes to both the inner and 

outer ends of the elements for communication with the mold 

cavity so that a vacuum may be drawn onto the glassware imme 

diately beyond each end of the finish without the necessity for 
extension through the mold cavity Faster production of better 

ware with less complication is obtained, and the manufacture of 

the ware can be supervised by one man H.E.S 
Chute for conveying molten glass. Ropert M. Smiru (Owens 

Illinois Glass Co.). U. S. 2,758,421, Aug. 14, 1956.—A satisfac 
tory coating for chutes should have minimum frictional drag and 

resistance to abrasion, heat, oil, and water. A coating having 

the desired properties comprises 20 to 95°) phenolic resin and 
5 to 80% graphite. If the amount of phenolic resin is increased 
the wearing properties of the coating are increased but the speed 

of travel of the gob is decreased; if the amount of graphite is in 
creased, the wearing properties are decreased and the speed of 

travel is increased H.E.S 

Conveyer structure for flat glass edging, beveling, and polish- 
ing apparatus. Kurt Sommer (Sommer & Maca Glass Ma 
chinery Co.). U. S. 2,754,956, July 17, 1956.—-An improved 
gripping device resiliently and yieldably grips the side faces of 

flat glass as it is fed in an upright position between the endless 
conveyer mechanisms to the end. The flat glass sheets are 

firmly held against lateral or sidewise motion or vibration while 

a lower edge portion is being edged, beveled, and polished 

H.E.S 

Glass composition. Witttam P. HAHN AND Epwarp R 
PowELt (Johns-Manville Corp U. S. 2,756,158, July 24, 1956 

Glass compositions which may be fluidized to proper fiberizing 
consistency at a temperature substantially below that requiring 

apparatus elements of high temperature noble metals such as 

platinum, palladium, etc., and yet which will give long fine fibers 

bh 

| 

| 
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that are moisture-stable and have an alkalinity value not exceed- 

ing 0.25% Na,O equivalent comprise the following ingredients 

(wt.%): SiO, 61 to 66, alkali oxides 7 to 12, alkaline earth 

oxides 5 to 8, iron oxides 5 to 12, B,O; 5 to 8, and ALO; 5 to 8 

For best results, the iron component should comprise about 

40 to 60% iron oxide in the ferric state. It is satisfactory to 
introduce the iron as ferriferrous oxide or magnetite and pre- 

serve this oxidation condition through the glassmaking process 

The iron oxides present, particularly in such a state of oxida- 
tion, apparently serve to stabilize the alkali oxides by the inhibi- 

tion of reaction between moisture and free alkali at the fiber 
surface H.E.S 

Glassmelting furnace. Sreete D. U. S. 2,754,- 
346, July 10, 1956.—-The furnace includes a refractory, e.g., sili- 

con carbide, tubular member capable of conducting electricity 
but serving as a high resistance heating element. The interior 

of the tubular member constitutes the melting and refining cham- 
ber of the furnace. The tubular member is closed at each end 

by a refractory plug and is provided with a protective coating 
on its inner and outer surfaces. Spaced electrodes in the form 

of encircling bands surround and are in electrical contact with 
the tubular member. The tubular member is inclined to the 

horizontal, and a batch delivery conduit is located adjacent its 

elevated end. A glass discharge conduit located adjacent the 

lower end communicates with the interior of the member and ter- 

minates in a discharge orifice which, during a glassmelting opera- 

tion, is normally submerged by molten glass. To prevent cak- 
ing of batch material delivered to the melting chamber, the 
delivery conduit is cooled by a cooling coil. To supplement the 

heat from the heating current, an induction coil surrounds the 

tubular member adjacent the discharge conduit. A second 

induction coil surrounding the discharge conduit delivers heat to 

molten glass leaving the tubular member H.E.S 

Glassware forming mechanism. GerorGe E. Rowe (Emhart 

Mfg. Co.). U. S. 2,755,597, July 24, 1956.—In the manufac- 

ture of hollow glassware, e.g., bottles and jars, a compact con- 

version unit or “‘cartridge’’ contains the elements required to 

position and guide the neck pin involved in parison blowing 
operations in relation to a parison blow mold at an overhead 
parison forming station, to connect the neck pin operatively with 

the pressing plunger operating means when the pressing plunger 

has been detached from its operating means and the pressing 

plunger guiding and positioning elements have been removed, 

and to provide effective vacuum passages connecting the space 

in the lower or neck ring portion of the parison mold with an 
adjacent vacuum applying device to settle glass of a charge in 
the lower portion of the parison mold around the neck pin pro- 

jecting thereinto. The conversion unit utilizes fluid pressure 

connections and control means of the basic mechanism 

H.E.S 

Graduated glassware and method of making. KENNETH M. 
LaAING (Pittsburgh Plate Glass Co.). U. S. 2,752,785, July 3, 

1956.—A method of making a glass tubular column instrument 
having scale markings arranged in a line parallel to the axis of 

the instrument comprises exposing a tube of glass whose wall 

thickness is at least comparable to its bore diameter to the dis- 

coloring action of selected radiation at points spaced along the 

line. The direction of incidence of the radiation is maintained at 
substantially a right angle to the line. H.E.S 

Grinding and polishing glass. CHARLES E. CHAUDRON. 

U. S. 2,757,494, Aug. 7, 1956.—Instead of abrasive medium in 
the form of a suspension in liquid, an agglomerate with an asso- 

ciated binder is used in the shape of a disk suitable for grinding 

and polishing operations. In the agglomerate, materials are 

incorporated which by nature are comparatively soft and may be 
easily impregnated with a binder to impart to the shaped body 

some degree of resiliency and good cohesion. Such materials 
may be animal, vegetable, or mineral fibers, sawdust, paper, 

etc. In the grinding and polishing of flat glass on a test machine, 
on which the advance of the work was 75 cm./min. with a linear 

velocity (mean rotation speed ) of the tool of 4 m./sec. and a work- 

ing pressure of 6 to 7 kg./dm.?, polishing was effected with disk- 

shaped tools having a diameter of 30 cm. and the following com- 
positions: (a) sand (similar to the sand used at the end of the 

usual grinding operation) 65 to 55°, sawdust 12%, and poly- 

vinyl acetate 15 to 25%; (b) rouge 60 to 50%, sawdust 15°), and 

polyvinyl acetate 25 to 30%. The finish was quite similar to 
that usually obtained with 25 tools (each including three rotating 

disks arranged around a rotating shaft) and with a work advance 

h 

January 

of 300 cm./min. and a linear velocity of tool of 4 m./sec. In this 
test, four sand tools (a) and 10 rouge tools (6) only were used 

H.E.S 
Heat-treating frangible glass articles. ALLEN S. Dawe (J. O 

Ross Engineering Corp.). U. S. 2,754,628, July 17, 1956.—For 
the controlled cooling of relatively large irregularly shaped glas 

envelopes such as television tubes, the apparatus comprises an 

elongated tunnel of good heat-conducting material through which 
the tubes are carried in erect inverted position by a continuous 
conveyer system. A continuous stream of cooling air removes 

heat from the surface of the tunnel at the same rate that heat 
emitted by the envelope is transmitted to the tunnel surfaces; 
this rate depends on the area-thickness ratio of the envelope 

The tunnel is shaped to effect this heat transfer. The cooler air 
engages the tunnel opposite the tube portion emitting the greatest 

heat, and vice versa. The cooling time is reduced about one 
third, and the percentage of breakage is reduced by about half 

H.E.S 
Illuminating glassware and method of making. Tuomas G 

O’LEaRY (Corning Glass Works). U. S. 2,749,794, June 12, 

1956.—This patent relates to illuminating glassware comprising 

a sheet or hollow glass body having translucent portions forming 
indicia such as louvers and decorative designs and adapted to be 
illuminated from the side opposite the observer. Glare can be 

effectively diminished without decreasing the transmission of 
light or the visibility through the transparent portions by re- 

moving the translucent portions to a desired depth to torm de 
pressions in the surface of the glass body in register with the trans- 
lucent portions and introducing into the resulting depressions a 
light-absorbing material. While strongly light-absorbing and 
adherent materials such as finely divided carbon can be utilized 

without a binder, it is preferable to disperse the colorant in a solid 

carrier, e.g., a thermosetting resin. The depressions are com- 

pletely filled to provide a flat planar surface which can be easily 

cleaned. The coloring material may also be dispersed in an easily 

fusible ceramic material, such as a powdered glaze or enamel, 

and the glass body is subsequently fired. Care must be taken, 

however, to secure a proper expansion match of the ceramic with 

the glass. The etched-out portions of the strips may be removed 
by solution with dilute aqueous hydrofluoric acid or by grinding. 

H.E.S 
Machine for applying terminals to glass tubes. MuLes 

PENNYBACKER AND CHARLES A. Simpson (Miles Pennybacker) 

U. S. 2,763,098, Sept. 18, 1956. H.E.S 

Method and apparatus for forming fibers. Cuaries J 
STALEGO (Owens-Corning Fiberglas Corp.). U. S. 2,754,541, 
July 17, 1956.—Fine fibers are attenuated from molten glass by 

equalizing the pressure adjacent the primary filaments so as to 

eliminate the tendency of the heat-softened filament to move out 
of the locus of the attenuating forces. A reduced pressure or par- 

tial vacuum at one side of the primary filament in the blast of 

gas is counteracted, offset, or negated, and the fibers are pre- 

vented from rolling or coiling up into pellets or slugs and thus dis- 

rupting fiber formation H.E.£ 

Method and apparatus for producing fibrous products. War 

REN W. DrRumMMOND (Owens-Corning Fiberglas Corp.). U. S. 
2,751,962, June 26, 1956.—-Coarse fibers and fine fibers are con- 

comitantly formed and commingled into a pad or cushion 
H.E.S 

Method for forming and collecting fibers. Games SLAYTER 
(Owens-Corning Fiberglas Corp.). U. S. 2,753,598, July 10, 

1956.—An apparatus is provided for attenuating bodies of heat 
softenable material to fibers by a high velocity gaseous blast and 

continuously removing the fibers from the blast on a rapidly 

moving surface which carries the fibers to a cx mveyer for collec- 

tion intoa mat. The apparatus includes a means for conducting 
the spent gases of the blast and the blast-induced air stream away 

from the fiber-collection zone to facilitate the formation of a mat 
having a substantially smooth surface and uniform thickness 
The method may be used where blasts of steam or compressed 

air are employed in lieu of intensely hot blasts H.E.S 
Method of making glass filters. Hrrno ALTOSAAR ( Dominion 

Textile Co., Ltd.). U.S. 2,752,731, July 3, 1956.—The method 

of making a glass filter comprises the steps of threading a metal 
wire through a glass capillary, heating and drawing the glass 

capillary over the wire to reduce its diameter while increasing 
its length, cutting the glass coated wire into lengths, confining the 

lengths in a predetermined pattern and in juxtaposed axial align- 

ment, fusing the lengths into a homogeneous mass, slicing into 
portions of the desired thickness of the filter, and finally removing 
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wire cores by immersion in an acid bath. Wire of any gauge 

iv be used H.E.S 
Method of making glassware article. CHARLES W. CARLSON 

U. S. 2,754,629, July 17, 1956.—In the hand fabrication of vases, 
wls, etc., a discoidal member of considerable diametral extent 
formed; it is supported near its central portion by a blowtube 
punty. Inertia, gravity, or centrifugal forces are applied to 

e radially projecting portions to cause them to assume unique 
ecorative conformations. No further manipulation or forming 

required H.E.S 

Method of making silver mirrors on glass. Eart R. Smirn 
\ND JOHN V. FITZGERALD (Pittsburgh Plate Glass Co.). U. S. 
2,762,714, Sept. 11, 1956 H.E.S 
Method of sealing vacuum-tight envelopes. RAayMonp CHAP 

FOTTE AND PIERRE NANCHINO (Compagnie Générale de Télé 

graphie sans Fil). U. S. 2,749,668, June 12, 1956.—-Two or more 
parts of an evacuated discharge tube, at least one having an edge 

if vitreous material with a softening temperature of 600°C. and 
1 melting point substantially higher, are sealed by applying to 

the zone of contact a thermal peak or impulse. The amplitude 
and duration of the impulse are such that the elements located 

inside the tube are unaffected. The vitreous material is sof 

tened, and the parts are impressed upon each other, resulting 
in a provisional seal that permits vacuum pumping to a high de 
gree immediately following the thermal peak. The envelope is 

then subjected to the degassing thermal treatment, the tem 

perature range of which is lower than the maximum amplitude 

of the thermal peak but sufficient to convert the provisional seal 
by molecular diffusion into a permanent seal H.E.S 
Method for stirring glass. Ratpn W. Simmons (Pittsburgh 

Plate Glass Co.). U.S. 2,750,161, June 12, 1956.—-Inhomoge 

neities are removed by stirring the glass within a relatively small 
confined space through which it is being continuously passed 

rhe relative rates of flow at the inlet and outlet of the container 

are regulated so that it is maintained substantially full of molten 
glass at least to adjacent the height of the inlet and in all cases 

to a height above the stirring blades sufficient to avoid the intro 

duction of air into the glass. The glass flows continuously 
through the container with a circular motion in a spiral path 

In the zone of turbulence, successive portions of displaced glass 
are subjected to random motions created by the reverse motions 

of the overlapping blades in this region. The molten glass within 
this zone is efficiently mixed through both attenuation and shear 

of any inhomogeneities present H.E.S 

Method of treatment of glass fibers with colloidal silica and 
product produced thereby. Remus F. CaRoseiir (Owens 

Corning Fiberglas Corp.). U. S. 2,754,224, July 10, 1956 
Glass fibers having a layer of colloidal silica on their surfaces 

ire heated for 3 sec. to 50 hr., the time being varied proportion 

itely with a temperature ranging from 50°F. below the fusion 
temperature for the particular glass composition to 400°F 

H.E.S 
Mold for shaping glass sheets. JosePH E. JENDRISAK (Libbey 

Owens-Ford Glass Co U. S. 2,758,422, Aug. 14, 1956.—Glass 
sheets that have been ground and polished while flat may be 

curved without losing their optical qualities if the local stresses 
in the glass sheets are minimized during bending. A substan 

tially solid guide plate is attached to the mold or framework in 
position to extend beyond the end of the shaping surface as a 

continuation of the surface. The guide plate conforms to the 
outline of the glass sheet to be bent so that full contact between 
the sharp edge of the glass sheet and the guide plate is main 

tained as the sheet is bent to final form. When guide plates are 

located at opposite ends of a horizontally positioned glass sheet, 

interconnected fingers operate in slots in the guide plates to en 

sure that both ends of the sheet move equal amounts as it settles 

onto the mold H.E.S 

Plastic polishing runner. F. Gacey (Pittsburgh 
Plate Glass Co.). U. S. 2,757,491, Aug. 7, 1956.—The beneficial 

characteristics of felt polishers may be obtained without the un 

desirable properties of felt by the use of certain thermoplastic 

1957 V, Glass—VI, Structural Clay Products 9 

elastomers for forming polishing faces having high abrasion re 
sistance. The polishing faces are formed with ridges and grooves, 
the ridges imparting a squeegee action to the surface of glass 

being polished. Among the substances most suitable for use as 

polishers are certain polyvinyl halides, polyethylene and tetra- 

fluoroethylene polymers, styrene copolymers, styrene elastomers, 

and copolymers of vinyl compounds with styrene polymers 

H.E.S 

Process and apparatus for the continuous production of flashed 
glass. ALBERT KNarr (Glaceries de St. Roch Soc. Anon.) 

U. S. 2,751,714, June 26, 1956.—For the production of flashed 

sheet glass both by rolling and by drawing, the molten base glass 

is passed under a float constituting a receptacle into which the 
flashing glass is introduced, also in the molten state; the flashing 

glass is made to overflow so that it forms, on the surface of the 

base glass, a thin layer which becomes welded thereto before the 

formation of the sheet. The thickness of the flashing layer may 

be adjusted by varying the quantity of flashing glass introduced 

into the float, and the uniformity of the thickness of the flashing 

layer over the entire width of the sheet can be readily maintained 
even when this thickness is a fraction of a millimeter rhe ap 

paratus comprises a trough-like float immersed in the bath of base 

glass and fed by a small auxiliary tank containing the flashing 
bath. For the manufacture of flashed glasses of different colors, 

auxiliary tanks are provided which, in the inoperative position, 
are heated by the gases used for heating the main tank, the 

auxiliary tank in operation being brought opposite the receptacle 

which it is to feed H.E.S 

Safety glass construction. RicHarp F. RayMOoND AND Emm 
A. Fusca (Pittsburgh Plate Glass Co.). U.S. 2,758,042, Aug. 7, 
1956.—The tendency of the glass surface to chip, known as ‘‘cold 

chipping,”’ can be minimized by placing a reinforcing frame of a 

material having a coefficient of expansion substantially equal to 
that of glass, such as aluminum, steel, or glass, about the pe 

riphery of the cover plate H.E.S 

Safety glass laminate containing transparent filler for silicone 
resins. FREDERICK L. Tuomas (Bjorksten Research Labora 
tories, Inc. ) U. S. 2,756,171, July 24, 1956 A heat resistant 

siloxane polymer is molded at 105° to 300°C. together with a free 

radical type catalyst and a substance having an average particle 

size of about 20, or less, a refractive index (mp*) of 1.39 to 1.46, 

and a cubic crystal lattice structure isotropic to light in the visible 

spectrum. The product is both highly transparent and resistant 

to high temperatures; 
stantially deformed at 500°F H.E.S 

Sheet glass. Wi_sur F. Brown (Libbey-Owens-Ford Glass 

Co U. S. 2,755,212, July 17, 1956.—A sheet of laminated 
safety glass comprises two sheets of blue-green flat drawn sheet 

r become sub it does not decompose « 

glass having the ultimate analytical composition SiO, 72.92, FesOsy 

0.51, Al.O, 1.05, TiO. 0.02, CaO 8.44, MgO 3.46, NaeO 13.21, 

K-O 0.10, SO, 0.29, and Co,O, 0.0008. The sheets are bonded 

of vinvl plastic 

H.E.S 

Owens-Illi 

together with a substantially colorless interlayer 

to produce a composite glare-reducing structure 

Swinging shear and spray. Rospert R. DENMAN 
nois Glass Co U. S. 2,754,627, July 17, 1956.—-Ih 

for spraying, with a coolant and/or lubricating fluid, shears used 

a high temperature, 

ipparatus 

for severing molten or plastic material at 
spraying means are combined with the shear mechanism rhe 

apparatus includes a pair of shear arms mounted to swing hori 

zontally for moving the shear blades to and from the glass-sever 

ing position. Spray nozzles are mounted and arranged to move 

with the shear blades during a portion of their movement, thus 

increasing the time during which the nozzles direct the spray 

material against the shear blades H.E.S 

Additional abstract 

Sect. I: (patent) Metal bonded abra:* ¢ wheel and method of 

making. Sect. VII: Superficial changes of refractories under 

the effect of molten glass patent) Refractories. Sect. VIII: 
(patent) Tile and method of making. Sect. X: (patent) Flaw 

detection 

Vi—Structural Clay Products 

Brick handling: II, Some experiments with packed brick. 

|. F. Epen, W. J. Rerners, AnD W. Wit_mott. Brit. Clay 
rker, 6S [773] 156-59 (1956).—Tests of equipment for han 

lling brick at the building site are discussed. For part I see 

eram. Abstr., 1956, Nov., p. 2406. 6 figures C.M.C 

Brick industry in Iraq. H. Lane. Ziegelind., 9 |17| 629-34 
(1956 L. refers particularly to the use of brick and tile in build 

ings. 18 photos r.W.G 

Brick manufacture in Pakistan: I. M. Z. Dippiour. Bre 
Clayworker, 65 (773) 151-55 (1956 Almost every village manu 
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Since 1951 four modern brick and tile 

The soil, mainly brown, is alluvial 

debris from the Himalayan region. The clays are fine and plastic 

and require 5 to 7% fine sand for workability. The preparation 

of the clay and the molding, drying, and firing of brick, mostly 
of a primitive nature, are described. 8 photos. Cf. Ceram 
Abstr., 1955, Jan., p. 9g C.M.C 

Development of sewer pipe glazes from volcanic materials. 
IAN O. KniZex. Am. Ceram. Soc. Bull., 35 {10} 399-401 (1956) 

Volcanic scoria and a pumice were used to develop low cost glazes 
for sewer pipe and allied structural clay products. These ma 

terials melted satisfactorily at cone 6 but developed mat textures 

factures its own brick 
plants have been established. 

Januar 

Rationalization of brickwork. He_mMur SCHONEFELD. Z 
gelind., 9 [17] 635-53 (1956).—-S. reviews results obtained in 195 
by the Institute of Building Research in Hannover, German 

20 figures, 15 references T.W.G 

Research develops low cost joint. At Reep. Brick & Clo 

Record, 128 |5| 70-71 (1956) Research projects of the Nation: 

Clay Pipe Manufacturers Assn. are discussed, including a pri 

fabricated joint for clay pipe. 2 photos T.H.E 
Venezuela’s ‘‘bottle’’ brick. ANon. Brick & Clay Record, 

128 [5] 89 (1956).—Bottle-shaped brick, open at both ends, ar: 

commonly used in Venezuela as a practical substitute for expen 

sive steel as a construction material. The outside surface i 
Crystallization of plagioclase feldspar in the pumice and of magne- ° grooved, and the inside is smooth. They are known as “cerami 
tite and orthorhombic pyroxenes in the scoria was found to be fusee.’” 2 photos. Cf. Ceram. Abstr., 1955, Nov., p. 203f 
the cause of mat textures. Suitable additions of feldspar, allu T.H.E 

vial clay, or both corrected the tendency of the materials to de 

vitrify. Small amounts of litharge or borax controlled the fusi nemeeene 

bility of the glazes. Many satisfactory compositions were de deal 
veloped. The best of these increased the modulus of rupture of a Method for manufacture of tile. JosepH B. PEEBLES (Robin 

standard sewer pipe body over 40%. 3 photos, 5 references son Brick & Tile Co.). U. S. 2,763,049, Sept. 18, 1956.—A 

Cf. ibid., [9] 363-67 © method of manufacture of thin ceramic tile comprises placing a 
Impact tests show way to lessen brick pack breakage on rail sheet of flexible material on the smooth flat upper surface of a 

cars. H.K. Burns. Brick & Clay Record, 128 [4] 77-79 (1956) lower die, a margin of the sheet projecting beyond the upper sur- 
B. recommends that railroad cars should be loaded solidly and face, placing a slug of clay mix upon the sheet of material, plac 

as squarely as possible to reduce breakage of brick packs. Float ing another sheet of flexible material upon the slug, placing on the 
ing loads are not recommended. Both wire and straps were top of the second sheet a forming die having a bottom recess con 

considered T.H.E forming to the shape of the tile to be formed, subjecting the two 

Practical modifications of drying theory: I. J. GrorGe | dies to sufficient pressure to bring them into contact to form a 

Seanor. Brick & Clay Record, 128 |5| 98-99, 106 (1956) “ clay slab having a smooth bottom surface, removing the surplus 
Practical suggestions on the drying of brick, based on production clay mix, lifting off the forming die, pulling on the margin of the 

experience, are given. 3 figures, 2 references. II, How applying first-named sheet to pull the clay slab from the smooth flat sur 

theory can improve drying. J/bid., |6| 81-83.—S. points out that face of the lower die onto a palette, stripping the second-named 
too rapid drying of brick or other clayware may be responsible for sheet from the clay slab, placing another palette on top of the clay 

lower quality, warpage, density loss, and poorer performance in slab, inverting the clay slab and removing the first-named palette, 

service. 4 figures, 6 references. III. Jhid., 129 [1] 51-53, 77, stripping the first-named sheet from the clay slab, drying the 

79.—Rapid and slow drying of brick are discussed. The useful clay slab, and subsequently firing it D.J.B 

ness of the bucket test and the slaking test for determining how to‘ Multiple mold handling mechanism for clay pipe forming 

dry brick is illustrated. 3 figures, 3 references. IV, ‘‘Regain’’ machines. Roy Lacy, Cecit V. McCLintock, AND JOHN D 

water can damage ware. J/bid., |2| 56-57, 89.—Regain water RoOsSIER (Pearne & Lacy Machine Co.). U. S. 2,762,104, Sept 

is water absorbed by the brick from the atmosphere or kiln gases 11, 1956.—1. A machine for belling the end portions of like pre 

in the early stages of firing. It has been found to damage cer formed tubular blanks includes a plurality of like elongate mold 
tain clayware. Causes and methods of preventing regain are sections, a rotatable hub carrying the mold sections parallel with 
discussed. 3 figures, 3 references. V, Can a drier be too large? the axis of the hub and operable to move them successively from 

Ibid., |3| 72-73.—S. discusses the relation of drier length to f/f a loading position into a predetermined operating position, means 
ware shrinkage, predrying, and resetting of brick. Larger driers delivering a blank to each of the sections when it is in the loading 

can run a little slower and thereby do not require such close super position, an intermittent power operated movement mechanism 

vision. They also permit lengthening of the effective firing zone engaged with the hub intermittently moving like mold sections 

since a part of the water-smoking can be carried out in the driers into the operating position, power means supplementing the ac 

Resetting of brick provides small crevices between the faces and tion of the mechanism as each movement thereof starts and stops 
thereby increases oxidation. Where color is important, reset and a complementary mold section successively cooperating with 
ting may prevent “pink-coring.’’ 3 figures. Cf. Ceram. Abstr., the like mold sections as they are moved to the operating posi 

1956, July, p. 145d T.H.E g tion D.J.B 

Vil—Refractories 
Application of ceramics to the nuclear power industry. W. L Design of high-temperaure alloys--cermets and oxide dis- 

GERMAN. Ceramics, 8 [90] 144-47, 150 (1956).—A review. 3 persions. NiIcHOLAS J. GRAN1 Vetal Pregr., 69 [6] 76-80 

figures, 4 references. Cf. Am. Ceram. Soc. Bull., 35 [5] 176-79 , | 1956 ).—G. discusses solid solution and multiphase alloying based 
(1956) A.B.5 on nickel and cobalt and the results obtained, especially for high 

Characteristics of silica products and their effect on durability temperature properties. Pure metals may be strengthened by 

in the carbonizing industry. T. R. Lynam. Ceramics, 8 [91] oxide dispersions or used as binders for hard brittle particles 
176-80 (1956).—L. presents a brief discussion of the various forms While the silicide, carbide, and boride cermets have high strengths 

of silica at various temperatures and some of their properties. 3 at 1800°F. and above, they have poor ductility below 1600°F 
figures A.B.S and limited thermal and mechanical shock resistance at all tem 

Crushing test under load at high temperature. ANON. Cera- peratures. Oxidized aluminum alloys are also discussed. 4 
mica (Milan), 11 [7] 48-52 (1956).—The standards and equip- ; figures D.J.B 
ment for the test proposed at the Conference of the European Effect of porosity on physical properties of sintered alumina. 

Federation of Manufacturers of Refractory Products in 1953 are R. L. CoBLE AND W. D. KinGery. J. Am. Ceram. Soc., 39 [11 

discussed Results are tabulated for Belgium, France, 377-85 (1956 ).—Porous structures having a continuous solid phas« 

Germany, Italy, Netherlands, Sweden, and Switzerland l with isolated pores were prepared by the addition of different 

figure M.Ha amounts of crushed naphthalene to an alumina casting slip 

Definitions of heat-insulating terms and methods of deter- Samples of 5 to 50% porosity were fired together at 1790°C. for 

mining thermal conductivity and solar reflectivity. Brit. Stand- 3 hr. to produce solid phase structures differing only in amount 
ard, No. 874 (1956); revision of No. 874 (1939).—-Definitions are j of porosity. Effects of porosity and temperature on strength 

given of terms and symbols used in connection with heat-insu 

lating materials, with standard dimensions of units. The meas- 

urement of thermal conductivity and emissivity is described. A 
list of conversion factors and a series of conversion tables are 

included A.B.S 

elastic modulus, modulus of rigidity, and coefficient of thermal 

expansion were investigated. Effects of porosity on thermal 
stress resistance and torsional creep properties at constant tem 

perature were studied. 15 figures, 32 references 

Future role of refractories in the field of nuclear power genera- 

~ 

| 

| 



yn. D.C. ScHLUDERBERG. Brick & Clay Record, 129 |2| 72-77 
156 ).—Refractories which may be used in the nuclear power 

lustry are briefly discussed. Liquid and gas reactor coolants 
The low heat capacity of gaseous coolants is over 

By sus 

e compared 

sme by the addition of ceramic powder to a given gas 

ending 2y graphite particles in carbon dioxide gas it is possible to 
5 Turbine speed can icrease power output as much as 2.5 times 

reduced 40% without reducing work output per stage below 

that obtainable with the suspending gds alone. The thermal effi 

iency of the ideal closed cycle gas turbine system can be increased 

Suspended particles may have significant system de 

contamination properties. 11 figures, 4 references T.H.E 

Iron foundry metal melting furnaces. F. DuNN. Jron and 
Sieel (London), 29 [10] 433-34 (1956).—-Recent developments in 

refractory linings of cupola furnaces are briefly described. 67 
A.BS 
Iron and 

1) to 45% 

references 

Linings for] rotary furnaces. A. J. Gipsps SMITH 
Steel (London), 29 [10] 437 (1956 The life of rammed mono 

lithic linings for iron melting furnaces is given as more than 100 

melts with a total consumption of refractories of about 50 Ib./ton 

of metal poured. A typical modern rotary furnace with a re 

cuperator unit is described briefly. 2 figures A.B.S 

Packing characteristics of coke powders as a factor in the 
manufacture of carbon refractories. H.P.MurtTHY AND RABIN 
DAR SincH. J. Sci. Ind. Research (India), 14B [11] 592-97 

1955 Run-of-mill coke powders are not suitable for the pro 
duction of carbon refractories possessing high density and low 

porosity; the use of powder mixes having high packing densities is 

therefore required. Comparison of eight mixture compositions 
of high packing density prepared with the coke powders indicates 

that the maximum coarse fraction that can be used is 40% of the 
total mix, while the minimum of fines necessary is 40%. The 
variation in the particle size ratio of the fractions also exerts 

some influence on the properties of final products, but the degree 

of its influence could not be correlated with the particle size 

ratios. 3 figures, 8 references B.L.M 

Petrographic studies on chrome-magnesite and magnesium 
silicate refractories. |]. C. BANeRyEE. J. Sci. Ind. Research 
India), 13B [10] 727-32 (1954 Forsterite and chrome-mag 

nesite refractories made from Indian raw materials were examined 
for their petrographic properties and compared with those of 
European and American origin. For high refractoriness-under 

load value, i.e., 1700°C. or above, the forsterite content of thes« 

refractories should be at least 40%. The periclase content should 
be low for high refractoriness under load. An intercrystalline 

bond between periclase crystals enhances the property. 8&8 

figures, 1 reference B.L.M 

Pressure-sintered silicon carbide. R. A. ALLIEGcRO, L. B 
COFFIN, AND J. R. TInKLEPAUGH. J. Am. Ceram. Soc., 39 {11 
386-89 (1956).— Silicon carbide was hot-pressed to uniform den 

sities of about 98% of the theoretical density; slight additions of 
aluminum and iron aided in this densification. Other elements 

having some effect were lithium, calcium, chromium, zirconium, 

and boron. This dense silicon carbide had very high strength at 

high temperatures, e.g., a modulus of rupture of 70,000 Ib. /in.? 

at 2500°F. 9 figures, 4 references 
Production of carbon refractories from petroleum coke. H. P 

S. MuRTHY AND RABINDAR SinGH. J. Sci. Ind. Research (India 

14B [11] 597-602 (1955).—-The packing density of coke powders 

can be increased by increasing the duration of calcination and by 

raising the calcination temperature; a satisfactory product is 

obtained by calcining petroleum coke at 1000° to 1100°C. for 1 hr 

Carbon products prepared with classified grades of powders had 
i porosity of 21%, bulk density up to 1.59 gm./cem.’, and crush 
ing strengths of about 5000 Ib./sq. in. Type of binder employed 

and its behavior on pyrolysis have a definite bearing on the 

strength of the refractory Electrode pitch was found to be 

inferior to soft medium pitch as a binder and gave products with 

compressive strength values less than 10,000 Ib./sq. in. 1 refer 

ence B.L.M 

Production of forsterite refractories: I, Composition and char- 
acteristics of magnesite-talc schist. SupHIR SEN AND RABINDAR 

Sincu. J. Sci. Ind. Research (India), 14B [12] 656-60 (1955) 

lalc-magnesite schist containing magnetite and quartz as minor 

ingredients (obtained from Bhitar Dari south of Jamshedpur 

when heated to 1450°C., is converted into forsterite, clinoen 

statite, and a mixture, of magnetite and magnesioferrite. Petro 

graphic study of the schist shows variation in the percentages of 

diflerent minerals, but the chemical analysis of the samples does 

not vary P.C.E. of the schist sample was Orton cone 27 to 28, 

VII, Refractories 11 

and only 1% shrinkage occurred on firing to 1450°C. Magnetit« 

in the schist is associated with other minerals, and its separation 

by fine grinding is not economical. 3 figures, 4 references. II, 

Utilization of magnesite-talc schist. J/hid., pp. 661-65.—The 

amount of clinoenstatite, magnetite, and quartz formed in the 
product obtained by firing magnesite-tale schist with magnesit« 

decreases progressively with increase in the amount of magnesit« 

added. Noclinoenstatite could be detected in the fired product 
with 25% of added magnesite. When the proportion of added 

magnesite exceeds the stoichiometric proportion, the removal of 
clinoenstatite can be effected at lower temperatures; the excess 

of magnesite is converted into periclase. Addition of 50% (25% 

excess ) of magnesite based on the weight of schist and a firing tem 

perature of 1500°C. are necessary for the production of products 

with a P.C.E. value of 38. 2 figures, 2 references B.L.M 

W. J. Rees research fellowship in refractory materials. D. H 
HOUSEMAN Refractories J., 32 [8] 375-78 (1956 Work al 

ready completed on two research projects, (1) the influence of 

temperature on the physical and mechanical properties of com 

pacted refractory materials, and (2) diffusion in oxide systems at 

high temperatures, is reported C.M.C 

Refining of clay. Martin BLANKE. Silikattech., 7 {7) 271-78 

(1956 ).—The fired density of refractory materials made from clays 
or fire clays is determined mainly by the particle size distribution 

Fluxes, usually present in amounts of 6% or less, are effective 

only if sufficient fine particles are present rheir action is much 

more effective if they are present as free oxides. A table gives 

chemical analyses and particle size distributions for 33 German 

clays 17 figures, 2 references M.Ha 

Refractory uses of boron and titanium carbides bonded with 
metals. ANON. Ceramics, 8 [91] 184-87 (1956 A review 

8 references A.B.S 

Russian open-hearth furnaces. B. Seweii. J/ron and Ste: 
(London), 29 [10] 427-28 (1956 rhe life of various chrom 

magnesite roofs used in open-hearth furnaces at ten plants is 

shown in a table; at one plant they lasted 900 or more heats, but 

at other plants they varied from 121 to 856 heats with an average 

of 713 heats 

roofs resulted in 23% reduction in tap-to-tap time, an increas« 

of 16% in steel output per 24 hr. or 67% per campaign, 12% re 

duction in fuel consumption, and a great reduction in hot repairs 

of the bottom The roofs wear by shelling and spalling rhe 

thermal conductivity of a basic roof is 65% greater than that of a 

silica roof; in one furnace, 15% of the total heat input was lost 

The use of chrome-magnesite instead of silica for 

An uninsulated chrome-magnesite roof loses about 2.5 times more 

After the wing walls were insulated with heat than a silica roof 

+5 in. of foamed fire clay, their heat losses were reduced to 

of the total loss. Insulation of the main roof with slag wool and 

asbestos 1.5 in. thick reduced the heat losses 44% A.B.S 

Some physical properties of high-density thorium dioxide. 
S. M. LAnG AND F. P. Knupsen. J. Am. Ceram. Soc., 39 [12 

415-24 (1956 Values are given for a number of physical 
properties of a very high density form of thorium dioxide. When 

specimens of a mixture of 99.5% ThO, and 0.5% CaO, by weight, 

were hydrostatically pressed at 30,000 Ib. /sq. in. and heat-treated 

for 1 hr. at 1800°C., they attained 99.0% of the theoretical den 
sity All the test specimens were extremely brittk Physical 

property values determined at room temperature were the fol 

bulk and theoretical (X-ray ) densities 

Knoop hardness 
lowing: lattice constant 

compressive and impact strengths; modulus of 

rupture and Young’s modulus, determined by a static method; 

Young's modulus and shear modulus, determined by a dynami 

method; Poisson's ratio and bulk modulus, calculated from the 

dynamic-test data; and the velocity of sound through the mat 

rial. The properties determined at elevated temperatures were 

the following: linear thermal expansion; modulus of rupture and 

Young's modulus, determined by a static method; Young 

modulus and shear modulus, determined by a dynamic method 

and Poisson's ratio, calculated from the elevated temperature 

dynamic test data. ‘Martin's 

taken for the material both before and after heat-treatment 

diameter’ grain counts wert 

figures, 12 references 

Some problems connected with magnesite-dolomite refrac- 
tories. F. NADACHOWSKI Refractories J., 32 {9 136-44 

(1956 Calculations of the phase composition of commercial 
brick are based on chemical analysis, including the five main 

oxide components. Mole ratio, batch components, phase com 
position, behavior under load, and reactions between particular 

minerals are discussed. 2 figures, 9 references. Cf. Ceran 

lhstr., 1956, July, p. 153; C.M.C 

| 
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Special ceramic materials of construction forrocketry. H.M 
KILLMAR AND W. L. Wroten. Ceram. Ind., 66 [5] 93-96 

(1956).—-Physical property data are given for silicon nitride 
bonded silicon carbide, boron nitride, and zirconium boride 
Various parts used in rockets are briefly discussed. 3 figures 

T.H.E 

Superficial changes of refractories under the effect of molten 
glass. Z.VereEss. Acta Tech. Acad. Sci. Hung., 15 [1-2] 141-53 
(1956) (in English).—The structure of refractory materials in 
contact with molten glass changes at the boundary surface 

These structural changes were determined microscopically, and 
the behavior of refractories was classified as follows: The cristo- 

balite group shows no change. Corundum refractories show the 
formation of a new constituent at the boundary surface, but the 

glass does not enter into the structure of the refractory. In 

zirconia brick the glass enters into the refractory, but no new 

constituent is formed. Mullite refractories show both 
penetration of glass and the formation of a new constituent. 13 

M.Ha 

base 

photos 

PATENTS 

Casting of titanium slag concentrate. Geratp G. Hartcu 
(Quebec Iron & Titanium Corp.). U. S. 2,749,667, June 12, 

1956.—A method of casting a molten titanium slag concentrate, 

such as that obtained by thermal reduction of ilmenite, con- 
taining at least 70% TiO, and 4% Fe comprises first pouring the 
slag concentrate at about 1500°C. into a mole of such size as to 

form a coherent mass weighing at least one ton. The mass is 
cooled to complete solidification while at least a major portion of 

its surface is out of contact with the ambient atmosphere. The 

surface of the slag concentrate is maintained at about 300°C 

(below the temperature at which oxidation of reduced titanium 
oxides occur) for a time sufficient for the interior portions to be 
cooled to a temperature at which the surfaces will remain at 

about 300°C. in the absence of externally applied cooling. The 
cooling of the mass to substantially complete solidification is ac- 

celerated by applying a cooling fluid immediately after pouring 
Maintenance of the maximum surface temperature of the slowly 

solidified slag concentrate may require externally applied cooling 

H.E.S 

Furnace wall construction. Wu1iLt1AM W. BARR AND PAut J 
Mappox (Laclede-Christy Co.). U. S. 2,762,217, Sept. 11, 1956 

1. Wall construction comprises a horizontal supporting mem- 
ber, spaced brackets engaging the member, each bracket includ- 

ing a pair of aligned hook portions and an angularly disposed sub- 
stantially planar base portion, a hanger tile supported by each 
bracket including a pair of oppositely extending bosses at one 
end and an angularly extending end portion adjacent thereto, 

the bosses being engaged by the hook portions and the angularly 
extending end portion resting on the base portion, each hanger 

tile extending laterally of its supporting bracket and having pairs 

of oppositely extending bosses at the other end thereof, opposed 
tiles suspended on the pair of bosses, filler tiles supported by and 

between pairs of suspended tiles, and tiles supported upon the 
hanger tiles, opposed tiles, and filler tiles D.J.B 

Impregnated crucible. GrorGe MEISTER (United States of 
America as represented by the United States Atomic Energy 
Commission). U. S. 2,766,032, Oct. 9, 1956-5. A porous 

Alundum crucible is coated with a material of the class consisting 
of thoria, beryllia, and zirconia and has a contiguous region below 

the coating wherein the pores of the crucible are filled with the 

material and the particles of Alundum comprising the crucible 

are coated therewith D.J.B. 

Metal-lined brick. JEAN v’AmMBLy (Compagnie des Forges et 
Acieries de la Marine et de Saint-Etienne). U. S. 2,764,887, 
Oct. 2, 1956.—A metal lined refractory brick for metallurgical 
purposes comprises an outer oxidizable elongated channel shaped 

sheet steel casing including a web, at least two upstanding flat 
flange portions extending at right angles from the web along the 

two longer edges thereof, and refractory brick material com- 

pressed in the casing and having an outer elongated exposed face 
extending between the flange portions, the web and flange por- 

tions completely covering the respective sides of the brick ma- 
terial, the flange portions having a height just equal to the height 

of the brick material, each of the flange portions terminating in 

an outwardly turned free edge portion, the free edge portion of 
each flange portion extending over an angle of not more than 90° 
and extending parallel with its respective longer edge of the web 

and forming a cylindrical surface whose convexity is directed 
toward the brick material, the free edge portions being flush with 
the elongated exposed face of the brick material. D.J.B 

January 

Methods of preparing highly refractory blocks or other masses. 
KARL ALBERT. U. S. 2,764,494, Sept. 25, 1956.—-1. A method 
of manufacturing refractory products for lining furnaces include 

the steps of mixing a granulated basic refractory material with « 
binder of 0.5 to 20% by weight of a mixture of equal parts of 

ground calcined clay and ground glass, adding 6% by weight of 
water glass having a density of 1.350 as a cold binding agent and 
sufficient water to render the mixture plastic, forming the mix 

ture into the shape of the product, and heating the product to a 
temperature between 100° and 250°C D.J.B 

Process for the production of refractory masses or brick from 
slags. Kart Apert. U. S. 2,764,493, Sept. 25, 1956.—A 
method of manufacturing refractory masses and blocks censists 

of the steps of so comminuting high softening and melting tem- 

perature slags of the type derived from the production of titanium 
in an electrofurnace and by the aluminothermic reaction of ti- 
tanium ores and consisting of up to 5 SiO., 54 to 75 AlOs, 15 to 

33 TiOs, 1.5 to 10 Fe,O;, 2 to 7 CaO, and 2 to 7% MgO as to make 
the slags contain about 30% of a coarse component of 0.24 to 

0.12 in. grain size, about 40% of a medium component of less 

than 0.12 in. grain size, and about 30% flour; mixing the com 
minuted slags with 4 to 8% by weight of water glass having a 

density of 1.350 for elastically bonding the slag particles and 
water in a quantity sufficient to bring the mixture into a moldable 

state; compacting the mixture; and heating the mixture for a 

period of several hours at temperatures of 212° to 392°F 

D.J.B 

Refractories. Cari G. SILVERBERG (American Optical Co.) 
U. S. 2,764,491, Sept. 25, 1956.—1. A refractory for use in 

heat dropping a glass article, the refractory being substantially 

nonadhesive to the glass in the presence of heat sufficient to 
soften the glass, comprises a body portion that is substantially 

free of glassy phase and consists essentially (by weight) of ap 
proximately 30 to 90% silicon carbide, 5 to 65% green chrome 

oxide, and 5 to 65% ball clay, the ingredients being heat joined 
with each other at a temperature substantially above the soften 
ing point of the glass article D.J.B 

Stub tube refractory tile for recuperators. Cart L. HERMAN 

(Amsler Morton Corp.). U. S. 2,764,398, Sept. 25, 1956.1 

A stub tube of compressed refractory material for recuperators 
comprises a base section having a tubular passage and an up 

wardly extending flue section having a tubular passage and 

integral with the base section, the cross-sectional area of the flue 
section wall being increasingly greater from the top of the flue 

section to where it joins the top of the base section to increase 

the thermal conductivity to the base section, and the tubular 

passage in the flue section and the base section forming a con 
tinuous flue passage of uniform cross section D.J.B 

Titanium carbide composite material. G. GogrrTzel 

AND ROBERT L. PETTIBONE (Sintercast Corp. of America). U.S. 
2,765,227, Oct. 2, 1956.—-1 In a method for producing by in 

filtration heat-resistant titanium-base carbide articles having 

improved stability and resistance to mechanical stresses and 
chemical attack, including resistance to atmospheric and gaseous 

corrosion at elevated temperatures of 900°C. and above, the im 

provement comprises intimately mixing titanium carbide pow 

der containing controlled amounts of free carbon in the range 

of about 1.2 to 3% with 5 to 15% by weight of chromium powder, 
heat-treating the mixed powders at about 2150° to 2315°C. in a 

reducing atmosphere to convert a major portion of the chromium 

to chromium carbide by reaction with free carbon whereby a 

multicomponent intermediary product is obtained of controlled 

composition comprising some free carbon, free chromium not 
exceeding 3% by weight of the mixture, and titanium carbide 
containing chromium carbide in solid solution therewith, finely 

disintegrating the heat-treated powder and mixing therewith not 
over 10% by weight of a binder metal powder selected from the 

group consisting of nickel, cobalt, iron, and their alloys with each 

other to form a binder metal coating on the surface of the carbide 

particles, shaping the coated carbide particles into a porous 

skeleton body having intercommunicating pores therethrough, 
sintering the skeleton body at an elevated temperature to form a 

strongly cemented network by reaction of the binder metal with 

the free carbon, the free chromium, and the carbides of the skele 

ton, and then infiltrating the sintered and cemented skeleton 
body with a heat-resistant metal selected from the group consist 

ing of nickel, cobalt, and their alloys with each other and with 

iron, chromium, tungsten, and molybdenum. D.J.B 

Additional abstracts 
Sect. VI: Impact tests show way to lessen brick pack breakage 

on rail cars. Sect. XI: (patent) Gas-fueled radiant burner 
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Aluminum oxide ceramics: I. Danie. W. Luks. Ceram 
'nd., 66 [6] 109-12 (1956).—Physical properties of bodies con- 

ining 78, 87, and 94% aluminum oxide are presented. Elec- 
rical, mechanical, and chemical uses are given. 7 figures. II, 

How they make AI.O; ceramics. J/bid., 67 [1] 87-89, 110 
Mixing, milling, pressing, injection molding, and firing opera 
tions involved in preparing alumina bodies are described. High 
lumina bodies are sometimes prepared by pressing a mixture of 
lumina and a thermoplastic, such as polystyrene or phenol 

formaldehyde, in a hot or cold die. 16 figures. III, How to 
finish Al.O; ceramics. J/bid., 67 [2] 97-99.—L. covers the finish- 
ing, glazing, metallizing, testing, quality control, and design of 

iluminum oxide ceramics. 3 figures T.H.E 

Bone china and its constitution. H. Krause. Keram. Z., 
8 [7] 331-382 (1956).—A review. 2 figures, 3 references. Cf. 

Ceram. Abstr., 1954, May, p. 93f; 1956, May, p. 105f. J.A.S 
Ferromagnetics and ferroelectricity: I-V. S. L. Bum, Her- 

BERT ZLOTNICK, AND JOEL E. ZNEIMER (compilers). Ceram. Ind., 

67 [1] 90-92; [2] 100-101; [3] 116-18; [4] 128-30; [5] 114-15 
1956).—-An extensive bibliography with a key to subjects in- 

cluded under ferromagnetics T.H.E 

High-temperature electronics advanced by GE ceramists. 
Anon. Am. Ceram. Soc. Bull., 35 [10] 407 (1956).—Electronic 
devices and circuits designed to operate at temperatures ranging 

from 900° to 1500°F. and under exposure to nuclear radiation are 
briefly discussed. 1 figure 

Influence of selected factors in evaluating dielectric strength 
of porcelain. Lee A. SHEAROUSE, D. L. HEATH, AND W. J 
SMOTHERS. Am. Ceram. Soc. Bull., 35 [10] 391-95 (1956) 

Electrical stress concentrations, or edge effects, reduce the meas- 
ured value of the dielectric strength of porcelain. These edge ef 
fects, believed to be relatively high when testing a conventional 

disk specimen, were reduced by several differently designed test 
pieces. The test specimen developed for use in investigation of 

selected variables was a 1-in. diameter double concave disk, 

coated with silver and with electrical resistance paints, in the con 

cave areas. The effect of the following factors on dielectric 

strength was briefly investigated: quality of extruded porcelain, 
particle alignment during ceramic processing, and distortion 

during handling. 1 figure, 15 references 

Method for testing the interaction of overglaze decorations 
with detergent solutions. JosEPH V. OTRHALEK AND LESLIE R 
Bacon. Am. Ceram. Soc. Bull., 35 [11] 4388-44 (1956).—A 
need has arisen for a short test which would predict the extent of 

fading of overglaze decorations on tableware due to the action of 

detergent solutions. No standardized screening procedure which 

manufacturers of decorations, fluxes, pottery, detergents, or dish 

washing machines can apply to the problem of improving the per 

formance of their product has yet gained acceptance. A method 

designated as the FB-2C test is proposed for this purpose. Nu 

merous variables which might affe t the reproducibility of the FB 

2C test and the correlation of its results with field experience were 

investigated. Particular attention is called to the irregular 

effects of increasing detergent concentrations; the need for 
definite test temperatures and good temperature control; the 

limitation of ratio of surface area of decorated ware to volume of 

test detergent solution; and the need for precise control or defini- 

tion of composition of water supply. The results of the FB-2C 

test have correlated reasonably well with those in automatic home 
dishwashing machines on a wide variety of ware. In view of the 

omission of soils from the FB-2C and machine tests to date for 

reasons of simplification, there is no assurance yet that these 
results will correlate reliably with general field experience, but the 

probability is good that this will be true in most cases. 3 figures, 

8 references 
Moisture expansion of earthenware. P. H. Dat, W. A 

ZULEGER, AND W.J.H. BerpEN. Alei, 8 [6] 331-476 (1956).—A 

critical survey of the literature is given. As far as possible a dif 

ferentiation is made between measurements of different classes of 
ceramic materials, methods of measurement, standardization of 

the autoclave test, and the different hypotheses proposed to ex- 

plain the mechanism of moisture expansion. A general study 

was made of the moisture expansion of a lime body under dif- 
ferent external circumstances as a function of time, e.g., moist 

laboratory air, dipping in cold water, in water at room temperature 

under evacuation, in boiling water, and after treatment in the 

iutoclave at different steam pressures. The conclusion was 
drawn that for the appearance of moisture expansion a polar 

liquid is required, which must be adsorbed on the inner surface 
of the porous ceramic material. The expanded and dried bars 

lost weight during heating up to about 400°C., indicating that 
the water in the biscuit is no longer present in the adsorbed state; 

a chemical reaction must have occurred, most probably the for 

mation of OH groups. The expansion decreased after heating, 

but never attained the original value. Moisture expansion was 

reduced by increasing the bisque fire for a pure lime body, but 

for the same composition containing some natural feldspar, the 
expansion increased. The moisture expansion of a glazed body 

with a glaze in compression proved to be somewhat less than that 
of the same body without glaze. An explanation of this phenom 

enon is given. The mechanism of the moisture expansion of 
lime bodies was investigated by varying the quartz, chalk, and 
clay contents systematically. The expansion of bodies composed 

of pure clay and clay-quartz mixtures was highest, but this value 
diminished with increasing lime content. With two systemati 

cally varied series of bodies it was possible to predict the moisture 
expansion of practically the whole system clay—chalk—quartz 
From the phase diagram it could be concluded that expansion 
was caused by the reaction of water with either amorphous silica 
or y-alumina from decomposed clay. Moisture expansion de 
creased when the reaction product with lime, viz., the compound 

anorthite, was approached, if it was assumed that the quartz 

skeleton did not react. As quartz grains are surrounded by a 
thin film of amorphous silica, moisture expansion should be 

higher, the more and the finer the quartz used in the body rhis 
proved to be true. The increasing moisture expansion appear 

ing at higher soaking temperatures could be explained by quartz 

being transformed to cristobalite via a glassy phase or by the 

formation in first instance of metastable (isotropic) cristobalite 

A lime body with clay substance and chalk in the molecular ratio 

1:1 should be composed of anorthite at high temperature after a 

sufficiently long soaking time to attain equilibrium and should 

possess a practically zero moisture expansion. To explain the 

remaining slight moisture expansion, an X-ray study was made 

on mixtures of clay and chalk heated to different temperatures 
The quantity of the resultant anorthite depended more on tem 
perature than on reaction time and also on grain size and th 

intensity of mixing, gehlenite being the first reaction product. If 
the reaction product contains gehlenite, some amorphous silica 
must be left, which explains the residual moisture expansion 

in technical mixtures heated to nonequilibrium. Experiments 

on lime-feldspar bodies indicate that feldspar in porous bodies 

causes a rather high moisture expansion under comparable 

conditions. The substance will be hydrolyzed superficially by 

the water or steam treatment, leaving a hydrated layer of amor 

phous silica. This explains the fact that moisture expansion 
increases continually though slowly in the autoclave treatment at 

different steam pressures. To prove this, samples of quartz, 
cristobalite, and feldspar were heated to different temperatures, 

autoclaved, and weighed after drying. The increase in weight 

diminished after heat-treatment up to 1100 Especially signifi 

cant was the difference between feldspar powder as such and the 

preparation previously percolated with water. Summarizing, the 

moisture expansion is caused by water (polar liquid adsorbed 
on the inner surface of a porous ceramic material and (+) after 
ward reacting to form a surface covered with OH groups ‘ 

By the build up of these OH groups in the attacked surface layer 

many-directional microtensions arise. (d) Depending on the 

rigidity of the ceramic material a deformation results in every 

direction, which is measured as moisture expansion. While the 

adsorption of water and water vapor takes place on every surface, 

the chemical reaction can happen only with (1) amorphous silica 

arising from the pyrochemical decomposition of clay substance; 

(2)amorphous silica present as a surface layer on quartz and cristo 

balite grains; (3) the glassy phase as intermediate during the 

transition of quartz to cristobalite (eventual metastable cristo 
balite); and (4) the hydrolysis of feldspar, feldspar glass, and 

silicate glasses in general, leaving again an amorphous silica film 

From the values of the moisture expansion of the systematically 

varied compositions it was concluded that the lowest value appears 

if the clay substance and chalk are present in the anorthite pro 
portion and the feldspar content equals 5% by weight or less 

As the moisture expansion and the porosity of these compositions 
remain practically constant in a large range of temperatures, 

these bodies are suitable for industrial kilns. In these bodies 

the weight proportion of feldspar and chalk varies between 1:3 
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and 1:4. It has been proved that more feldspar can be added 
up to the maximum proportion 1:2. If still more feldspar is 
added, the porosity of the biscuit diminishes rapidly and deforma- 
tions cannot be excluded. The properties of the bodies are de 
scribed. Experiments on the influence of small additions (mag 

nesite, dolomite, and other substances and mineralizers) on the 

properties, especially the moisture expansion, are also described 

35 figures, 100 references 

Simplified ring test method for measuring glaze stresses. 
Harry E. Davis. Ceram. Ind., 66 [5| 87 (1956).—-A modified 

ring method is described which uses feeler gauges for measuring 
movement produced by compression or tension in the glaze. 1 
figure, 1 reference T.H.E 

Story of electrical porcelain: IV, Pugging and pressing. E 
M. GIBBS AND JOHN Stout. Ceram. Ind., 66 |5| 84-86 (1956) 

Ram pressing is carried out in plaster molds reinforced with steel 

at pressures of 200 to 400 p.s.i. Hot pressing of pugged suspension 

insulators is carried out with dies maintained at 250° to 275°F 
The steam generated during pressing together with the anti- 

sticking hot press oil aid in attaining a smooth pressed surface 

7 figures. V, How parts are formed. Jbid., [6) 96-98.—Cast 

ing, dry pressing, and wet and dry turning of electrical porcelain 

are discussed. 6 figures. VI, How to get better drying and glaz- 

ing. J/bid., 67 [1] 82-84.—-Factors affecting the rate of drying 
are briefly discussed. Glazing operations are described. Modu 
lus of rupture of test bars was increased up to 5000 p.s.i. by proper 

grinding. 4 figures. VII, Correct firing, constant testing insure 

fine ware. /bid., |2) 90-92.—-Defects encountered in firing elec 

trical porcelain are enumerated, and the quality of fired products 
6 figures. For parts I-III see Ceram. Abstr., 1956, 

T.H.E 

is discussed 

Nov., p. 243d. 

Stove tiles and [Dutch! tile stoves. C. Sri'rmer. Glas 
Email-Keramo-Tech., 7 |6| 205-208 (1956).—A brief account is 

given of the history of the stove and of the nature of the clays 
and methods of shaping of the tile. Thermal efficiency, adapta 
bility, and decorative value ensure the continued use of the stoves, 

especially in homes JAS 

Structure and dielectric properties in the system BaTiO; 
MgTiO;. H. PristeRER, W. HEYWANG, AND E. Ramiscu. Ber 

deut. keram. Ges., 33 |6| 178-84 (1956).—Bodies with a BaTiO; 
MgTiO; ratio ranging from 95/5 to 20/80 were examined for 

crystal structure by the Triafol-SiO replica electron microscope 

technique and for permittivity and its temperature coefficient 

The crystal phases were identified or classed by X-ray diffraction 
Two methods of processing were used to give (1), by thorough 

mixing and long firing at a high temperature, an equilibrium 

product containing the maximum amount of solid solutions, etc., 

and (2), by incomplete mixing and firing at the minimum tem 

perature required to give nonporosity, a nonequilibrium product 

consisting largely of the separately recrystallized phases. The 

crystal size of BaTiO; increased from less than ly at 1250°C. to 

Su at 1350°C., and that of MgTiO; increased from 3 at 1300°C 
to 15u at 1350°C. The equilibrium form of the mixed titanate 
body showed the formation of rodlike crystals of an intermediate 

compound phase of the ilmenite type of structure with a permit- 

tivity of 20 to 30. The maximum amount of this phase was 

formed in the 40/60 mixture. X-ray diffraction and the change 

in Curie point with composition indicated that the maximum 
solubility of MgTiO; inBaTiO; was less than 10 mol. % (probably 

4%) and that the solubility of BaTiO; in MgTiO; was less. The 

field of the intermediate phase, between the two end solid solu- 
tions, could not be accurately defined. In the nonequilibrium 

series consisting largely of crystals of BaTiO; and of MgTiOs, the 
increase of MgTiO, caused little decrease in the Curie point, but 
the sharp peak of permittivity became less pronounced and finally 

disappeared at the 80/20 composition. This is primarily an ef 

fect of a change in crystal size and not of the increasing amount 

of the low permittivity phase. The permittivity at room tem- 

perature decreased according to the log-volume law of mixtures, 

but it began to show some deviation beyond the 50/50 composi- 

tion owing to the presence of some intermediate phase. In the 
equilibrium series the increasing amount of MgTiO, reduced the 

Curie point below 100°C., and the increasing amount of inter 
mediate phase progressively flattened the permittivity peak, 
which, however, was still noticeable in the 50/50 mixture. The 

permittivity followed the log law in the range beyond the maxi- 

mum solubility of MgTiO; in BaTiO;. The nonequilibrium 70/30 

body also followed the mixture law with respect to the increase 

in permittivity with increasing voltage amplitude, but there was 
a marked quantitative and qualitative deviation from the theoret- 

January 

ical effect of d.-c. voltage (this is probably explained by its 

sensitivity to aging). This work demonstrates the sensitivity of 

the properties of ferroelectric bodies to the presence of impurities 
and to the degree of crystal growth. 12 figures, 12 references 

J.AS 
Tidbits of practical potting. S. Roy. Jndian Ceramics, 2 {6} 

205-208 (1955).—Causes of defective cups and flatware are ex 

plained. If the molds and profiles for flatware are made prop 

erly, most of the defects may be avoided. Warpage is connected 
with the nesting of ware in bisque firing. Properly nested ware 

should rest on setters with sand packing. 5 figures.‘ B.L.M 

Tile Council of America’s research program. J. VINCENT1 
FITZGERALD. Am. Ceram. Soc. Bull., 35 |11] 445-47 (1956). 2 

figures, 13 references 

Use of wollastonite in artware bodies. THomas L. STALTER 
Am. Ceram. Soc. Bull., 35 [10] 396-98 (1956).—Direct substitu 

tions of wollastonite for tale in 3% increments up to 15% in a 
typical low-tale semivitreous artware body appeared to increase 

the fired strength, firing shrinkage, and thermal expansion; to 
improve the fired color; and, in the range of 3 to 9% additions, 

to reduce moisture expansion. Because of lower drying shrink 

age, the total shrinkage of bodies containing 9 to 15% wollastonite 

was less than that of the base body Increases in fired strength 
and shrinkage were accompanied by corresponding decreases in 

absorption. 5 figures, 2 references. ° 

PATENTS 

Apparatus for decorating pottery ware. EUGENE G. ARELT 

(Onondaga Pottery Co.). U. S. 2,762,329, Sept. 11, 1956.—1 
Apparatus for applying decorative bands to disklike articles of 

dinnerware comprises a frame, a turret journaled in the frame, a 

plurality of ware centering and gripping chucks carried by the 
turret, motion transmitting means operable to effect intermit 

tent rotation of the turret to advance the chucks successively from 
a loading and unloading station to a decorating station and thence 

to the loading and unloading station, each of the chucks including 
an annular series of pins movable into and out of ware gripping 
position, an applicator arranged at the decorating station and 

operable to apply a decorative band to a piece of ware carried 
by a chuck positioned at the station, means operable to effect 

rotation of the chucks when positioned at the decorating station, 

means operable to restrain rotation of the chucks and to move the 

pins out of ware engaging position as each chuck arrives at the 

loading and unloading station, and means yieldingly moving the 
pins into ware gripping relation upon advancement of each chuck 

from the loading and unloading station. D.J.B 

Ceramic composition and process for making. KARL SCHWARTZ- 

WALDER AND HELEN B. BaArRLettT (General Motors Corp.) 

U. S. 2,760,875, Aug. 28, 1956.—A spark plug insulator body with 

a dense nonporous sintered structure having improved resistance 
to lead salt corrosion consists of a mass of corundum crystals 

bonded by a magnesium and strontium aluminate glass. The 

body has a fired analysis (wt.%) of 85.5 to 97 aluminum oxide, 
1.9 to 10.5 silica, 0.15 to 2.2 strontium oxide, and 0.4 to 3.3 mag- 

A preferred raw composition (wt.%) is tabular 
4.5, and strontium 

pulverized and 

nesium oxide 
corundum 90, Sierra tale 5, Florida kaolin 
carbonate 0.5. This body, when thoroughly 

mixed, can be formed by injection molding if a thermosetting or 
thermoplastic resin is added, extruded and ground to shape, or 

formed by isostatic molding using waxes. After firing to 2900°F 
the preferred composition will have the following approximate 
percentage analysis: Al.O; 91.9, SiO. 5.7, MgO 1.6, SrO 0.4, and 

metallic oxide impurities (TiO., FesO;, KeO, NavO, CaO) 0.4 

D.J.B 

Ferromagnetic materials. SipNey E. BUCKLEY AND DOUGLAS 
H. Owen (International Standard Electric Corp.). U.S. 2,764,- 

552, Sept. 25, 1956.—1. A sintered ferromagnetic material of the 
spinel type consists essentially of a mixture of approximately) 
(mole %) 50 Fe.O;, 25 MnO, and 25 ZnO together with a silicate 

selected from the group consisting of manganous silicate and 
ferrous silicate, the silicate being present in an amount between 1 

and 6.6% by weight of the mixture of oxides and having a melt 

ing point in the region of 1100°C D.J.B 
Ferrospinel bodies and methods of making. Ropert E. Hur 

LEY AND JOHN O. SIMPKISS, JR. (Radio Corp. of America). U. S. 

2,762,776, Sept. 11, 1956.—An improved process for the fabrica 
tion of ferrites having improved properties over those using a 

water-borne binder such as paraffin utilizes 0.5 to 8.0% by weight 
of an organic binder that is highly viscous at ordinary room tem 

peratures, relatively free-flowing and nonviscous at 45° to 150°C., 
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nd volatilizable below 400°C., selected from the group consisting 
f diethylene glycol esters of rosin and methyl esters of rosin 

Chis binder is especially beneficial in making small toroids and in 
preventing the powdering of small pellets. In a preferred pro- 
cedure the raw ferrospinel-forming oxides are mixed together by 

grinding in a hammer mill, calcined at 1000°C. for 1 hr., cooled, 

und ground in a hammer mill; during the grinding the mill and 

contents are heated to 80° to 100°C., and 3% diethylene glycol 
ester of rosin by weight of the calcined oxides is added. The 

milling is continued for 1 hr., and the mass is then pressed be 

tween steel roliers set 0.003 to 0.005 in. apart to produce hard 

flakes, which are pulverized in a ball mill to produce 100- to 150 
This procedure is best for small pellets, but ball 

without the rolling will be satisfactory for 

40-mesh size or larger. The pellets are then molded, heated to 

250° to 300°C. for 2 to 3 hr. to drive off the binder, and then 

fired at 1000° to 1400°C. The binder can also be introduced in a 
chaser mill or by first dissolving the binder in a solvent, which is 

more expensive. The pelletizing can be done by alternative 
methods, such as tumbling in a barrel or milling in a rod or ball 

mesh pellets 

milling at 20° to 40°C 

mill D.J.B 

Flexible bonded mica insulation. Leo J. BERBERICH AND 

HarRo_p M. PuiLorsky (Westinghouse Electric Corp.). U. S. 

2,763,315, Sept. 18, 1956.—1. Flexible mica insulation comprises 
two superimposed sheets of pliable base material, a layer of mica 
flakes disposed between the two sheets, and a liquid binder ap 

plied to the mica flakes to bind them together and to the base 

material, the liquid binder having been heated after being applied 

to the mica flakes, the liquid binder comprising 3 to 25% of the 

total weight of the insulation, the liquid binder composed of at 
least one liquid resinous polymer of a viscosity of 25 to 10,000 
poises at 25°C., the polymer being relatively nonvolatile at room 

conditions, the liquid binder being from the group 
consisting of liquid coumarone indene polymers, liquid copoly 

mers of styrene and coumarone, liquid linear polyesters, liquid 
polymers of a compound having the formula 

selected 

R 

wherein R radical selected from the 

group consisting of phenyl, saturated alkylhydrocarbon 

stituted phenyl, methyl, and hydrogen radicals, R; represents a 
monovalent radical selected from the group consisting of hydro 

gen, methyl, and —-COOX radicals, wherein the X representing 

hydrogen and saturated alkyl hydrocarbon groups, and R, and 
R,; are not the same radical D.J.B 

Magnetostrictive ceramic transducer. Witpur T. Harris 

(Harris Transducer Corp U. S. 2,761,077, Aug. 28, 1956.—1 
In an electroacoustic magnetostrictive transducer, a plurality 

of annular ceramic magnetostrictive core elements of like inner 
and outer diameters, potting material bonding the core elements 

to each other in aligned end-to-end relation, whereby a consoli 
dated core is formed, an electrically conductive toroidal winding 

coupled to and enveloping the full longitudinal length of the con 

solidated core, the potting material being of substantially the 

sound-transmitting properties of water and in intimate sound 
transmitting relation with all the cores and with the winding 

and suspending the winding in spaced relation with the consol 
D.J.B 

represents a monovalent 

sub 

idated core 

Method of making ceramic pieces. JEROME D. HEIBEL AND 
Bossy L. Joyner (Erie Resistor Corp.). U. S. 2,760,314, Aug 

28, 1956.—1. A method of cutting short tubes from long tubes 
of unfired ceramic comprises arranging a plurality of the long 
tubes side by side in a bundle, enclosing the bundle with card 
board, casting wax into the interstices to make a solid body, 

cutting the body along lines to sever therefrom sections contain 
ing a plurality of short unfired ceramic tubes embedded in wax, 

VIII, Whiteware—lX, Production Equipment and Unit Operations Ld 

the cutting being made with a saw lubricated with water to wash 
grit and sawdustlike particles of wax from the cut and to flush 
wax from the saw blade to prevent clogging, and thereafter heat 

ing the cutoff sections to remove the wax and to separate the 

short ceramic tubes D.J.B 

Method of making magnetically anisotropic permanent mag- 
nets. Evert W. GorTER, GERHART W. RATHENAU, AND 

ANDREAS L. Strvuyts (Hartford National Bank & Trust Co 
U. S. 2,762,778, Sept. 11, 1956.—1. A method of making a per 
manent magnet magnetically anisotropic in a principal direc 

tion comprises the steps of finely dividing a mass of material 
consisting essentially of hexagonal crystals having the 

position MFe,.Oi9, in which M is at least one metal selected from 

the group consisting of barium, strontium, and lead, orienting 

the crystals of the finely divided material with preferential direc 

tions of magnetization parallel to the principal direction, com 

pacting the so-oriented crystals into a body of desired shape, 

heating the body at about 900° to 1500°C. to sinter it into a 

highly coherent dense body, and finally magnetizing the body in 

the principal direction D.J.B 

Permanent magnet and method of making. JAN J. Wenr, 
GERARD W. VAN OOSTERHOUT, AND Evert W. Gorter ( Hartford 

National Bank & Trust Co U. S. 2,762,777, Sept. 11, 1956.—1 
A method of making a permanent magnet havirg an intrinsi 

coercive force of at 700 oersteds and a remanence of at 

least 1200 gausses comprises the steps of compacting, into a body 

of a desired shape, finely divided material having a composition 

selected from the group consisting of MFewOiy and MFe .O 

in which M is a metal selected from the group consisting of Ba, 

Sr, and Pb, the material being obtained by heating a mixture of 

an oxide selected from the group consisting of barium, strontium, 

in a mole ratio of about 1:2 to 1:10 

com 

least 

and lead oxides and Fe.O 

at about 900° to 1100°C., heating the compacted body to about 

900° to 1450°C. to sinter it into a highly coherent body, and 

magnetizing the body D.J.B 

Reconstituted mica sheet. Witt1am T. McDANIBL, JR., AND 
Inc U. S. 2,760,879, 

hav 

N. SaLes (Farnam Mfg. Co., 
A process for producing mica products 

PHILIP 
Aug. 28, 1956.—5 

ing improved strength and electrical properties comprises pre 
liminarily heating mica flakes, grinding them into finely divided 

thoroughly delaminated mica particles, mixing the ground mica 

with a water solution of 5 to 50°, aluminum phosphate ranging 

from monoaluminum to dialuminum phosphate to form a slurry, 

extracting excess liquid from the slurry to form a sheet therefrom, 
partially dehydrating the sheet, forming the partially dehydrated 

and heating the shaped product to 

D.J.B 

LEON MERKER Lead Co 

1956 4. Highly refractive glasslike 

sheet into the desired shape, 

at least 230°C 

Refractive material. 
U. S. 2,764,490, Sept. 25 

material consists essentially 

tium titanate and about 0.005 to 3.0°, by weight of a compound 

selected from the group consisting of molybdenum oxide, tungsten 

monocrystalline mass formed by 

( National 

of a monocrystalline mass of stron 

oxide, and uranium oxide, the 

crystallizing the mass as a boule from a melt of the mixture 

D.J.B 

A. Tou-min, Jr. (Com 

U. S. 2,760,881, Aug. 28, 

member 

Tile and method of making. Harry 
monwealth Engineering Co. of Ohio 

1956.—The method of making a ceramic til 

in blowing glass fibers into a continuous sheet, impregnating th« 

sheet with resin to bind the glass fibers together, pressing a pat 

tern of grooves into the top surface of the sheet, applying an un 

baked ceramic material under pressure to the grooved surface to 
cause the ceramic material to interlock with the glass fibers, 

ing the sheet through an oven to bake the cerami 

and applying an adhesive backing to the underside of the sheet 

No formulas are given D.J.B 

consists 

pass 

material, 

Additional abstracts 

Sect. XII: Effect of water in enamel and glaze operations 

Sect. XIII: Formation of manganese ferrite by solid-state reac 

tion. 

1X—Production Equipment and Unit Operations 

A. P. PEELE, Development of automatic water feed systems. 
An auto JR Brick & Clay Record, 128 [4] 65-68, 71 (1956) 

matic water feed system which assures a proper water-clay ratio 
n a pug mill is described. The use of an oil pressure recorder is 

lso discussed. Oil pressure is very sensitive to variations in 

temper and warns of increasing extrusion efforts much sooner 

Knowing the than any instrument yet developed pressurt 

limits, the operator can adjust the water flow to assure the best 

extrusion conditions. 6 figures r.H.E 

Improving the plasticity of clay. FELIX SINGER AND SONJA 
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Stncer. Brit. Clayworker, 65 |774] 178 (1956).—General meth- 
ods of improving the plasticity of a clay are indicated. C.M.C. 

Recently developed machines for the ceramic and building 
material industries. ANoN. Silikattech., 7 [6] 227-32 (1956). 
Washers, classifiers, crushers, mills, and brickmaking machinery 
are described. 19 figures, 2 references. M.Ha. 

Study of the power required by ball mills with small scale 
models. Horace E. Rose. TJonind.-Ztg. u. Keram. Rundschau, 

80 [9/10] 143-53 (1956).—-Experiments with laboratory bench 
models and a dynamometer led to the following conclusions: (1) 
The torsional moment-velocity relation for a fine mill charge and 
a high coefficient of friction between the surfaces is a curve that 
rises to a maximum moment at a velocity of 0.6 N, and then falls 

to 0.85 times the maximum value at the critical velocity (V,) 
(2) The effect of ‘lifters’ on the inside of the mill is appreciable 

only if there is little friction between the charge and the mill 
lining. (3) For a ratio of mill diameter to ball diameter greater 
than 20 to 1, the power required is unaffected by the ratio; with 

lower ratios, low frictional coefficients, and “‘lifters,’’ the power 
required decreases with the ratio. (4) The particle size of the 

charge has little effect if the ratio of mill diameter to particle size 

is less than 400 to 1, but if the particle size is so small as to cause 
aggregation or a separation of the charge from the balls, the power 

is decreased. (5) The hardness and milling resistance of the 
charge do not affect the power required to drive the mill. A 

complex formula for the calculation of the required power is 
derived and found to be in good agreement with practical results 

18 figures, 3 references. JAS 

PATENTS 

Air and feed control for hammer mills. Rosert A. Moore 
U. S. 2,764,361, Sept. 25, 1956.—-1. A feed control for hammer 

mills includes rotating hammers, a combined hopper and material 
feed inlet at the top of the mill to flow only material to be ground 

into the upper arc of the throw of the hammers in the same direc- 
tion of rotation and at one side thereof, a movable baffle plate 

mounted across the top of the mill, the baffle plate comprising 
two hingedly connected sections, means to move the baffle plate 

through the mill top, means to move the lower edge of one sec 

tion substantially along the curvature of the throw of the ham 
mers, and means to move the upper edge of the other section 
substantially parallel with the flow of the fed material 

D.J.B 
Apparatus for coating articles at high temperature. GEORGE 

H. BuRNETT AND VicToR L. Frnizro (General Electric Co.) 

U. S. 2,764,956, Oct. 2, 1956.—-1. A spray coating apparatus 

comprises, in combination, a stationary support, an oven mounted 
above the support, the walls of the oven defining a spray chamber 

and a bottom opening and a port into the chamber, an article 

support mechanism mounted on the stationary support and in- 
cluding means for moving supported articles between a loading 
position below the oven and a spraying position within the oven, 

the article support mechanism being adapted to close the oven 
opening, a spray mechanism mounted on the support outside the 
oven and including a nozzle movable into and out of the port 

from a position outside the oven, and timing means for the article 

support mechanism and the spray mechanism to effect spray 

coating of hot articles in the oven chamber. D.J.B 

Apparatus for conveying pulverulent material. Kari J] 
Sy_vest (F. L. Smidth & Co.). U.S. 2,764,316, Sept. 25, 1956 

8. In a conveying system for pulverulent material, the com- 
bination of a main stationary inclined pneumatic channel, a 

second inclined pneumatic channel, means including a flexible 

sleeve for connecting the discharge end of the main channel to 
the intake end of the second channel, means for supporting the 
second channel for vertical movement, means for counterbalanc- 
ing the weight of the second channel, means for supplying air for 
conveying to the two channels, means including a container for 
supplying material to the stationary channel, and damper means 

operated by the vertical movements of the second channel for 

varying the flow of material from the container to the main 

channel inversely with variations in the weight of the material 
in the second channel. D.J.B 

Apparatus for disintegrating and classifying dry materials. 
HENRY G. LYKKEN AND Trsor A. Rozsa (Microcyclomat Co.) 

U. S. 2,762,572, Sept. 11, 1956.—1. A mill for disintegrating and 
classifying dry solid material comprises a vertical cylindrical cas- 

ing having a grinding zone in its upper portion and a classifying 

zone at a lower portion, a closure at the top having at least one 

inlet and a closure having an annular opening at the bottom, a 

January 

rotor journaled for rotation in the casing, the rotor projecting 
downwardly through and below the annular opening, grinding 

means on the rotor in the grinding zone and classifying means in 
the classifying zone, a fan on the rotor having radial passage 
ways, longitudinal passageways in the rotor leading from the 
classifying means downward connected to the radial fan passage 
ways in the rotor at the lower end thereof, and a housing enclos 

ing the radial fan passageways forming a fan housing, the hous 

ing being spaced from the bottom closure having the annular 
opening to provide an air inlet to the annular opening. D.J.B 

Apparatus for drying solids in a fluidized bed. VERNON F 
ParRRY (United States of America as represented by the Secre- 

tary of the Interior). U. S. 2,763,478, Sept. 18, 1956.—1. Ap- 
paratus for drying finely divided solids in a gas entrained bed 
comprises a substantially horizontal elongated combustion cham- 

ber having a burner at one end thereof directed toward the oppo- 

site end thereof, an outlet for gaseous products of combustion ir 

the upper wall of the chamber adjacent to the opposite end, a 
plate having a plurality of gas ports therethrough mounted in the 
outlet, a heat transfer chamber mounted on the chamber and 

arranged to receive gas passing through the plate in the bottom 

portion thereof, the heat transfer chamber including a lower 

portion and an upper portion interconnected by a conical portion, 

the diameter of the upper portion being substantially less than 

the diameter of the lower portion so as to produce a substantial 
increase in velocity of gas passing from the lower to the upper 

section of the heat transfer chamber, feed means for introducing 

wet solids to the lower portion of the heat transfer chamber 
whereby the solids are entrained in the gas and are passed through 
the heat transfer zone, separator means communicating with the 
heat transfer chamber and arranged to separate large particles 

from the gas-solids mixture and to exhaust a mixture of dust and 

fine particles in spent gas, and conduit means for passing a portion 

of the dust and fine particles suspended in the spent gas into the 
combustion chamber whereby to provide dust for burning therein 
and to provide spent gas for increasing the volume of drying gas 
without increasing the volume of combustible gas D.J.B 

Apparatus for grinding. JoHn H. Marcnant (Sturtevant 
Mill Co.). U. S. 2,763,437, Sept. 18, 1956.—1. An apparatus 
for grinding material comprises a casing having an annular 
chamber formed therein, means for introducing a fluid into the 

chamber to produce a generally spiraling fluid stream, a feeding 
mechanism for delivering material into the chamber in the path 
of this stream, a particle classifier device located centrally of the 
chamber, a particle collector communicating with the classifier 
device, the classifier device including two cylindrical classifier 

elements disposed axially through respective upper and lower 
sections of the chamber and arranged in opposed spaced-apart 
relationship to one another, and one of the cylindrical classifier 

elements having a closed end portion, the other classifier element 
being open, and a pair of cooperating annular guide elements 

supported on respective classifier elements and spaced apart a 
distance substantially corresponding to the axial length of the 
annular chamber wall D.J.B 

Apparatus for mixing an abrasive powder with a gaseous 

carrier under pressure. Rosert B. Brack. U. S. 2,766,558, 
Oct. 16, 1956 D.J.B 

Apparatus for preparing finely divided material. JouHn C 

Lincoun. U. S. 2,762,574, Sept. 11, 1956.—4. In such appara 
tus, in combination, a classifier cell, wherein solid material is 

classified in a rising stream of liquid, having a discharge weir at 

the top of one wall thereof, grinding rolls mounted above the cell, 
a material collecting trough over the cell under the rolls, a conduit 
leading from the trough into the cell below the normal liquid level 
therein, water supply means for the trough whereby the material 

delivered thereto by the rolls is carried through the conduit into 
the cell, an endless conveyer having a material collecting section 

extending in an inclined path from below the liquid level adjacent 

the weir to above the liquid level at the opposite side of the cell, 
a second set of grinding rolls above the cell, means for collecting 

the work material carried above the liquid level by the endless 

conveyer, and means for projecting such collected material into 
the second set of grinding rolls, the second set of rolls being 
arranged to project the material ground thereby into the classi 
fication area of the cell D.J.B 

Apparatus for the production of finely divided materials. 

Emit Popszus. U. S. 2,764,360, Sept. 25, 1956.—1. Apparatus 

for the production of finely divided materials, particularly of 
platelike metal powders, comprises a base, a rotatable mill, a 

rigid frame, the mill being mounted on the frame, the frame being 
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pivoted on the base for tilting movement, the mill being on one 
de of the pivot and a counterweight on the other side thereof, 

id means for feeding material to and for discharging material 
rom the mill including a feed motor, a switch connected to the 

notor, an operating member connected to the switch and to the 

rame, whereby in place of outgoing material corresponding 
juantities of material are introduced into the mill, whereby the 
ass of the material in the mill remains substantially constant 

. D.J.B.. 

Apparatus for sintering ores, etc. HErINRICH HUISKEN AND 

Paut Tuomas (Gutehoffnungshiitte Sterkrade A.-G.). U. S. 

2,763,479, Sept. 18, 1956 D.J.B 
Automatic control case. Davin Weston. U. S. 2,766,939, 

Oct. 16, 1956.—-1. In the automatic control of a motor driven 

material reduction mill, the method comprises producing a first 
electrical signal varying with the reduction characteristics of the 

material in the mill, producing a second electrical signal varying 
with power input to the mill, algebraically combining the 

electrical signals, comparing the combined signals with a reference 

signal to obtain a difference signal, and varying the functioning 

of the mill in accordance with the sense and magnitude of the 
difference signal D.J.B 

Automatic discharge means for apparatus for separating 
materials of different specific gravities. Joun D. MARTIN AND 
CHARLES S. WESTERVELT (United Engineers & Constructors, 

Inc.). -U. S. 2,766,886, Oct. 16, 1956.—1 In apparatus for 

separating materials of different specific gravities in a fluid 

separating medium including a separating chamber having a 
bottom discharge opening and means for regulating discharge of 

the materials of higher specific gravities through the opening, the 
combination with the regulating means of a member extending 

downwardly into the chamber from the top thereof to the bottom 
discharge zone and a motor for causing the member to move 

continuously within the the motor comprising means 
responsive to variations in the loading D.J.B 

Ball mill feed control. Davin Weston. U. S. 2,766,940, Oct 
16, 1956. Cf. ‘Automatic control case,” this section D.J.B. 

Continuous weighing mechanism for solids. Forrest E 
Gi_mMorE (Phillips Petroleum Co.). U. S. 2,766,104, Oct. 9, 
1956.—1. A pebble heater conversion apparatus comprises, in 
combination, a pebble heater vessel, a vessel for heating materials 

to undergo reaction disposed below the pebble heater vessel, a 
conduit for transfer of hot pebbles from the heater vessel to the 
reaction vessel, an elevator to elevate pebbles from a point below 

the reaction vessel to the top of the heater vessel, a continuous 

pebble weighing assembly disposed below the reaction vessel, a 
conduit extending from the bottom of the reaction vessel to the 

top of the weighing assembly for passage of pebbles from the 

reaction vessel to the weighing assembly, a flow control valve in 

the conduit for passage of pebbles from the bottom of the reaction 

vessel, means responsive to the weight of pebbles in the weighing 
assembly to control the operation of the flow control valve, and a 
conduit for passing pebbles from the weighing assembly to the 
bottom of the elevator. D.J.B 

Conveying mechanism. WittramM G. SEARLES (Sperry Rand 
Corp.). U. S. 2,762,507, Sept. 11, 1956.—-1. Conveying means 

comprises a trough having a bottom and opposed side walls, a 

flexible conveyer element movable through the trough adjacent 

one of the side walls, a discharge chute communicating with the 

trough on the side thereof remote from the one side wall, a plural 

ity of relatively spaced conveyer flights carried by the conveyer 
element and adapted to push articles of a length less than the space 

between adjacent flights through the trough, the flights substanti 

ally completely occupying the full width of the trough, and a 
plurality of article dislodging members carried by the conveyer 

element between each pair of adjacent flights, each of the mem 
bers having an upwardly presented surface inclined downwardly 

away from the one side wall, the inclined surface having an upper 

end terminating close to the one side wall to preclude the lodging 

of articles between the one side wall and the dislodging member, 

whereby when conveyed articles reach the discharge chute the 

urticles riding on the dislodging members are discharged laterally 
therefrom by gravity into the chute D.J.B 

Device for handling granular material. Mentor C. AppicKs 
U. S. 24,201, Aug. 28, 1956; reissue of original U. S. 2,646,965, 
July 28, 1953.—A cable and rotary drum device for the unloading 

f raw materials by a man guiding a scoop D.J.B 

Dry grinding feed control. Davin Weston. U. S. 2,766,941, 
Oct. 16, 1956. Cf. “Automatic control case,” this section 

D.J.B 

zone, 
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Electrostatic atomizing and coating apparatus. James W 

JUVINALL (Ransburg Electro-Coating Corp U. S. 2,764,125, 

Sept. 25, 1956.—1. An atomizing unit comprises a plurality of 
atomizers, each of which includes a casing, 

rotatably mounted on the casing, and mechanism within the 

casing for driving the head; a supporting structure for the atom 
izers comprising electrically conductive shaft housings joined to 
and between the casings of the atomizers for supporting and 

electrically interconnecting them and end shaft housings at least 

partially of electrically insulating material connected to the outer 

and 

an atomizing head 

atomizers for providing electrical isolation of the atomizers 

drive mechanism comprising interconnected shafts within the 

conductive housings and connecting the driving mechanisms with 

in the atomizers, an end shaft at least partially of electrically 
insulating material within one of the end housings and drivingly 

connected to one of the conductive shafts, and a motor connected 

to the end shaft D.J.B 

Fine grinding process for calcium minerals. Merrit E 
JORDAN AND WiiL1aM G. BURBINE U. S. 2,763,435, Sept. 18, 

1956 l A process for grinding calcium minerals comprises 

adding toa coarse crushed mineral in which calcium is the predom 
inant cation a selected from the 

oxalic acid and ammonium oxalate in an amount equivalent to at 
least about 0.05 part by weight of oxalic acid per 100 parts of the 

substance group consisting of 

mineral and subjecting the mineral while admixed with the sub 

stance to the fine grinding action of a mass of tumbling and 

rolling hard surfaced bodies which are large in size relative to the 
size of the individual particles of coarse crushed mineral 

D.J.B 

Formation of ceramic, etc., articles. Roserr A. Ness 

U. S. 2,765,512, Oct. 9, 1956.—-1. The steps in the manufacture 

of a ceramic article comprise casting ceramic material against a 

pattern of flexible material while the ceramic material contains a 
greater quantity of moistening agent than its necessary for the 

final product, then removing sufficient moisture from the 

material to avoid formation of cracks upon freezing and instability 
1 rigid 

cast 

upon thawing but leaving sufficient moisture to produc« 

self-sustaining article upon freezing, thereupon freezing such 

residual-moisture-containing cast material 

residual moisture, then so stripping the flexible material from the 

ceramic article as to preserve the integrity of the reverse of the 

while retaining the 

pattern imparted to the ceramic article, and then thawing the 

ceramic article D.J.B 

Hindered settling separation apparatus. Grorce L. WiLmMo1 
(Wilmot Engineering Co U. S. 2,764,290, Sept. 25, 1956.—1 

In a hindered settling separation apparatus including a vessel 

wherein separation of a mixture of feed components is adapted to 
be effected by an upward flow of a liquid separating medium, the 

vessel having an overflow the removal of the float 

product of the separation, the improvement comprises means 
for causing the medium to flow also along a prescribed horizontal 

path in the vessel, the means including a feed conduit having a 

discharge opening adapted to introduce the feed 
substantially horizontally into the vessel below the 

overflow edge and along the prescribed path, and a 

recovery duct projecting substantially horizontally into the vessel 

transversely of the path and downstream of the conduit relative 

to the second-mentioned flow, the duct having ports disposed 

entirely below the leveleof the overflow edge and opening up 
stream relative to the second-mentioned flow for the 
feed components of specific gravity, the 

dimensions of the ports respectively constituting only a 

proportion of the depth of the vessel as determined by the over 

edge for 

components 

level of the 

product 

removal of 

intermediate vertical 

minor;r 

flow edge D ] B 

Jet mill. Conrav M. Trost. U.S. 2,765,122, Oct. 2, 1956 

1. In a fluid energized pulverizing device for partially com 
minuted material, the combination comprises an elongated grind 

ing housing, jet means directed substantially parallel with the 

lengthwise axis of the housing for introducing grinding fluid and 

partially comminuted material into one end thereof and means 

opposing the jet providing a medium against which the fluid and 

material carried thereby impinge, an offtake opening from the 

housing and a return opening to the housing adjacent the jet, a 
substantially semicircular classifying chamber spaced from th« 

grinding housing, a reversely curved conduit connecting the off 

take opening with one end of the chamber and a return conduit 
of cross-sectional area smaller than that of the chamber connect 
ing the other end of the chamber with the return opening in th« 
grinding housing, and a discharge opening in the radially inner 

j 

| 

g 

| h 



1S Ceramic 

side of the classifying chamber at a point thereon near the return 

conduit. D.J.B 
Magnetic liquid separator. Ronatp C. Horr (Eriez Mfg 

Co.). U.S. 2,765,912, Oct. 9, 1956.—-1. A magnetic separating 
device comprises a rotatable magnetic cyclinder having spaced 
magnetic fields around the inner periphery thereof, means to feed 

material to be separated into the face thereof, a rotatable mag- 
netizable member adjacent the cylinder, the axis of rotation of the 
magnetizable member being generally parallel to the axis of 

rotation of the cylinder, the rotatable member being disposed 
adjacent the periphery of the cylinder at a point remote from the 

point where material is fed onto the cylinder for removing mag- 
netic particles from the face of the cylinder, a portion of the ro- 

tatable magnetizable member being outside of the active magnetic 
field of the magnets rotatable with the cylinder, a shroud fixed 

to the device and spaced a predetermined distance from the 

cylinder, and trap means adjacent the cylinder on the shroud to 
collect large particles of foreign material to prevent them from 
passing between the shroud and the cylinder D.J.B 

Method and apparatus for automatically controlling certain 
operations in a production plant by sensing by electromagnetic 
induction the density, velocity, and rate of flow of flowing 
magnetic material. Norpant I. Onstap. U. S. 2,760,769, 

Aug. 28, 1956 D.J.B. 

Method of and apparatus for obtaining continuous counter- 
current contact between solid particles and a liquid. DoNALD E 

WEISS AND EvEeRARD A. SwINTOoN (Commonwealth Scientific & 
Industrial Research Organization). U.S. 2,765,913, Oct. 9, 1956 

D.J.B 
Method and apparatus for separating and concentrating 

granular mixtures. Harry B. CANNON AND Oscar H. TRUDEAU 

(Harry B. Cannon). U. S. 2,766,882, Oct. 16, 1956.—1. A 
process for concentrating valuable mineral-bearing ores comprises 

the steps of reagentizing the ore, feeding the ore into an aqueous 
solution at the rate of 0.5 ton/hr. or less to form an aqueous 
slurry having a maximum density of 35° solids, causing the 
slurry to flow as a shallow stream a distance between 24 and 36 

in. while simultaneously converging at an included angle between 
6° and 16° into a narrow lamellar stream having a width between 

0.5 and 1 in., mildly sloping the stream to cause it to flow as a 

tranquil lamellar stream without sandbarring, then causing the 

slurry to fall freely in a gravity field to form a vertical lamellar 
stream, and separating the stream into separate mineral-bearing 
strata in the zone of free fall D.J.B. 

Method for mineral separation. Norris Goopwin (Centrijig 

Corp.). U. S. 2,765,075, Oct. 2, 1956.—1. The method of 

removing the heavy mineral content in large volume slurries of 

beach sands, etc., comprises adding to the slurry feed a volume of 

magnetic heavy mineral substantially equal to the volume of the 
nonmagnetic and weakly magnetic heavy minerals in the slurry, 
stratifying the heavy minerals into a bottom layer in the feed, 

subjecting the stratified feed to a magnetic field to remove sub- 
stantially all of the heavy mineral content, forming a slurry of the 
separated heavy mineral content, recovering and removing the 

magnetic portion only of the heavy minerals from the last-named 
slurry, demagnetizing the recovered magnetic mineral, and re- 

turning the proper amount of the magnetic heavy mineral to the 
feed slurry. D.J.B 

Process and apparatus for separating mixtures of solids in a 
liquid medium. Donatp A. Dantstrom (Dorr-Oliver, Inc.) 
U. S. 2,760,635, Aug. 28, 1956.—1. A continuous method for 

separating in a liquid medium a mixture of solids having different 
settling rates in that liquid into at least an underflow comprising 
solids of higher settling rates and an overflow comprising solids of 

lower settling rates comprises establishing and maintaining a 
vertically radially symmetrical free whirling body of the liquid 

that has a vertical axis of revolution and at least at the bottom 
portion thereof having a gradually decreasing radius of revolution; 

continuously introducing together the liquid and the mixture of 
solids tangentially to the radially symmetrical periphery into the 

body near the top surface thereof at a pressure sufficient to whirl 

the body as a free vortex to thereby create centrifugal forces for 
settling solids of higher settling rates and at rates of flow sufficient 

to always maintain the top surface of the body above the point 
of introduction; withdrawing liquid as vortex overflow from a 

region below the top surface of the body about the axis of revolu- 

tion substantially opposite the point of introduction at a rate 
lower than the rate of introduction but sufficient to create liquid 

drag forces to oppose settling forces in the body, whereby solids 
of lower settling rates are segregated and withdrawn in the vortex 

Abstracts 
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overflow; settling by centrifugal forces and the force of gravity 
the solids of higher settling rates; withdrawing, as underflow, 
liquid and the settled solids of higher settling rates from the 
bottom of the body at the point of minimum radius at a rate less 

than the rate of introduction but greater than the rate of with 
drawal at which solids of higher settling rates accumulate faster 
at the point of withdrawal than they are removed. D.J.B 

Process and apparatus for vibratory grinding. SrieGrriep 

KIESSKALT (N. V. Tema). U. S. 2,760,727, Aug. 28, 1956.—1 
A grinding vessel for a vibrating mill containing grinding bodies, 
which is brought to a quick circular or elliptical oscillation 
thereby causing the bodies to inflict mechanical impacts upon one 
another, comprises a trough shaped lower part and an upper part 
having a heart shaped outline. D.J.B 

Process for pulverizing solids in fluid suspension. DaL_e M 

STRASSER (Texas Co.). U. S. 2,763,434, Sept. 18, 1956.—-1. A 
process for pulverizing solid material comprises admixing the 

solid in granular form with a vaporizable liquid in an amount 
sufficient to form a slurry, passing a continuous stream of the 
slurry through a heating zone at a velocity of about 0.5 to 10 

ft./sec., heating the stream of slurry in the heating zone at an 
elevated pressure in excess of the critical pressure of the liquid 
to an elevated temperature sufficient to effect vaporization of the 

major portion of the liquid upon subsequent reduction of pressure, 

subjecting the stream of heated slurry to substantially instanta 
neous pressure reduction into an elongated passageway maintained 

at a pressure sufficiently below the pressure in the heating zone to 
cause vaporization of a major portion of the liquid as a result of 
the pressure reduction thereby forming a stream of powdered 
solid dispersed in resulting vapor, and maintaining the velocity 

of flow of the stream of dispersion in the elongated passageway in 
sec., thereby effecting pulverization of the 

lid. D J.B 

Process for separating ores. Grant S. Diamonp. U. S. 
2,765,074, Oct. 2, 1956.—-9. The method of separating a mineral 

inert to an electrostatic charge from an ore comprises the steps of 
bulk mining the ore, submitting the ore to a primary crushing, 
submitting the primary crushed ore to a secondary crushing to 

splinter substantially all of the crystals contained therein to 

obtain splinters having clean exposed crystalline surfaces, coarse 
scalping the secondary crushed ore to remove mica tailing, air 

cleaning and screening the scalped ore to remove dust and fines, 

submitting the air-cleaned and screened ore to a high-intensity 

induced magnetic field treatment to remove magnetically affected 
wastes, heating and agitating the high-intensity induced magnetic 

field treated ore to develop electrostatic charges on the splinters, 
and submitting the agitated and heated ore to an electrostatic 

field treatment by dropping the ore through a high-voltage 

electrostatic field to remove the electrostatically affected wastes 
from the inert mineral D.J.B 

Rod mill. OrpHa G. RICHARDSON U. S. 2,761,628, Sept 
4, 1956.—A rod mill comprises a drum mounted for rotation 

about its axis and having an inlet sleeve and an outlet overflow 
sleeve extending coaxially therefrom at respective opposite ends 

thereof, power driving means operatively connected to the drum 
adjacent one end thereof for imparting rotation thereto, material 

crushing means disposed within the drum for movement there 

within, the drum comprising a barrel, perforated grizzly plates 
dispesed one against each end of the barrel in closing relation 

thereto, header plates disposed one at each end of the drum, 

means securing the grizzly plates and the header plates to the 
barrel with the header plates spaced from the outer sides of the 

adjacent grizzly plates to provide discharge spaces for pulverized 
material flowing from the interior of the barrel through the 

perforated grizzly plates, and dome-shaped heads secured at their 

open ends to each of the header plates having centrally disposed 
openings therein receiving the sleeves to reinforce the connections 

between the sleeves and drum and to provide braces for the 
header plates, one of the dome-shaped heads defining a gear 
mounting, the power driving means including a gear mounted on 

the one dome-shaped head D.J.B. 

Roller for pulverizing mills. Wi.ram A. Speer. U. S. 

2,765,123, Oct. 2, 1956.—1. In a pulverizing mill of the centrif 
ugal type having a bull ring, the bull ring having a pair of 

axially opposed inwardly projecting ridges at its top and bottom 
and a broad flat peripheral groove therebetween in the inner fac« 

of the ring, improved pulverizing rollers for centrifugally engaging 

the inner surface of the bull ring, each roller having a broad flat 

peripheral outermost projection thereon of substantially the same 
width as the width of the groove in the bull ring, the rollers in 

excess of about 60 ft 
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their normal grinding position presenting with the bull ring a 
ibstantially uniform clearance throughout the vertical extent 

f their broad flat projections, axially opposed top and bottom 
oulders on opposite sides of each of the broad flat projections 

nd of lesser diameter than the broad flat projection and being 
dapted to approach the ridges on the bull ring. D.J.B 
Rotor for hammer mill. Frep J. Manxorr. U. S. 2,763,439, 

Sept. 18, 1956.—In a hammer mill, a rotor includes a shaft, a 

plurality of plates fixed to the shaft, a plurality of hammers carried 
y the plates, and means securing the hammers to the plates, 

cach hammer being formed of a flat body having parallel opposite 
faces and parallel longitudinal edges disposed at right angles to 
the faces, each hammer having an opening at a point inwardly of 

the midpoint in the length thereof through which the securing 

means engages for pivotally mounting the hammer relative to the 
plates, the outer end of each hammer being of cylindrical con- 

formation in an axial direction, the axis of which is coincident 

with the axis of the shaft, and a thin tungsten carbide strip fixed 

to the outer cylindrical end of each hammer and terminating at 
each end at the longitudinal edges of the hammer, each strip 

being of cylindrical conformation and having a width equal to the 

thickness of the body whereby upon wear a cutout is formed in 

a 

b 
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the body inwardly of and adjacent the strip at the leading edge 
of the hammer. D.J.B 

Traveling spray booth. Lewis M. Owen (De Vilbiss Co 
U. S. 2,761,373, Sept. 4, 1956 D.J.B 

Vibrating crusher. Friepricu C. J. MitraG anv Georc H 
WeErnricu (Kléckner-Humboldt-Deutz A.-G.). U. S. 2,760,729, 

Aug. 28, 1956.—1. Ina vibrating crusher, the combination of a 
base, a first system of masses including at least two crushing 

drums, means rigidly connecting the drums with each other to 
form a first unit, a second system of masses including at least two 

additional crushing drums, means rigidly connecting the addi 
tional drums with each other to form a second unit, resilient 
means between the first and second systems of masses resiliently 

holding one apart from the other, the two systems of masses 

together with the resilient means forming a structure capable of 

performing vibrations, springs between the base and the structure 

for resiliently supporting the latter on the former, the springs 
having a low spring constant, and a drive connected with one of 

the rigid connecting means imparting oscillating impulses to one 

of the systems of masses of the structure, the drive having an 

X—Instruments and Physical Test Methods 

Absorption vessel for CO. determination. V. Buucnar, K 
[HERATTIL, AND Ramyjr Dass. Zement-Kalk-Gips, 9 |7| 332-33 

1956).—As the ASTM method is inconvenient, a new arrange 

ment is described which gives more accurate values of the weight 
of CO, by avoiding error from gases and humidity accumulating 

in the apparatus M.Ha 

Bertrand-Lasaulx slider for the polarizing microscope. D 
JEROME FISHER Mineralogist, 40 [11/12] 1139-40 (1955) 

| figure, 3 references H.I 

Drying control] of foundry mold surfaces. H. M. WALTER 
lron and Steel (London), 29 [11] 485-86 (1956).—W 

an electrical means of determining the rate at which water is 

lost during the drying of moist sand or clay Two small electrodes 

are pressed into the material a suitable distance apart, and the 

electrical resistance of the material between them is measured at 
suitable intervals. The results are plotted as a time-resistance 

chart. As the moisture in the material electrical 
conductor, the increase in resistance is proportional to the loss 

2 figures 

A.B.S 

Leo Water. Brit. Steelmaker, 22 [5 

The more important recent additions to 
17 figures 

V.R.E 

New shadow section microscope. G.VoGcL. Feinwerktechnik, 
60 [2] 65-66 (1956); abstracted in Ind. Diamond Rev., 16 [189 
B194 (1956).—The instrument is a modified Schmalz microscope 

employing oblique incident light with perpendicular reflection 

so as to give greater magnification of the profile and a wider field 

The method is applicable only to diffuse reflecting 
for brightly reflecting surfaces a painted-on emulsion 

is used. 6 figures V.R.E 
Note on error in graphical integration by weighing the paper. 

S. Kumar. J. Sci. Ind. Research (India), 13B [8] 593-94 (1954) 

The reliability of measuring the area bounded by an experi 
mental curve plotted on a graph paper from the weight per unit 

irea of the paper was checked by estimating statistically the 

From the analysis of 

Am 

describes 

acts as an 

of moisture and to the progress of the drying 

Modern pyrometry. 
136-38, 164-66 (1956 
pyrometric instruments and methods are reviewed 

of view 

surfaces; 

amount of error introduced in the result 
variance, K. concludes that (1) variation in weight between the 

samples was significantly greater than that within a sample and 

2) the probable error in the estimation of the area of an individual 
strip from the weight of another from the same sample was found 

B.L.M 

CLIFFORD FRONDEI Am 

In the cylindrical camera 

to be less than 1° 3 references 

Precision X-ray powder camera. 
\Vineralogist, 40 |9/10| 876-84 (1955) 

described, the sample is successively photographed on the pe 
ripheral positions at opposite ends of a diameter, the film remaining 

unmoved during the operation. This gives two back-reflection 

photographs that are symmetrically opposed on the same strip of 
film. This technique has a fundamental advantage over other 

back-reflection camera designs in that it permits the effective 
camera diameter to be computed directly from film measurements 
Che manner of film mounting is immaterial 4 figures, 4 refer 

ences 

a 

operating frequency conforming substantially to the natural 

frequency of the structure D.J.B. 

Recording differential thermal expansion apparatus. STEPHAN 
P. MiTorF AND JOSEPH A. Pask. Am. Ceram. Soc. Bull., 35 |10 

402-404 (1956).—A differential thermal expansion apparatus in 

corporating certain new elements of design is described rhe 

apparatus is suitable for ceramic testing as it has a wide range of 
sensitivity, permits a maximum temperature of 1500°C., and is 

automatically recording. 4 figures 

Recording differential thermogravimetric balances. P. L 
Waters. Nature, 178 [4528] 324-26 (1956 Interest has 

lately been revived in the use of the thermogravimetric technique 
for the characterization of inorganic and organic compounds and 
for studies of thermal decomposition processes under controlled 

Two new types of balances are described for in 
sutomati 

conditions 

vestigating the thermal decomposition of coal to give 

cally precise and continuous records of differential weight loss 
together with cumulative weight loss. 1 figure, 2 references 

V.RLE 

WALLACI 

describes a 

Removal of mineral grains from thin sections. S. R 
Am. Mineralogist, 40 |9/10] 927-31 (1955 MW 

simple method by which individual mineral grains may be removed 

from a thin section and isolated for study 1 figure H.1 

Simple a.-c. operated electronic relay for a thermostatic 
water bath. A. JoGarao anp A. R. Papa. J. Sci. Ind. Ri 
search (India), 14B [6] 306-307 (1955).—-The immersion heater 

is connected to a Variac through the relay by 

to the water bath, after attaining the desired temperature, is 
controlled to avoid overshooting of the mercury in the thermo 

regulator. It was possible to control the bath temperature to 

within +0.005°C. 2 figures B.L.M 

Simple collector for concentrating a mineral phase for analysis. 
V. D. Frécuetre. Am. Mineralogist, 40 (9/10) 931-382 (1955 

An apparatus for removing single mineral grains from a granu 

lar sample by suction into a collecting vial is described H.1 

Techniques employed in the identification of gemstones. 

RicHAaRD T. Lippicoat, JR. Am. Mineralogist, 40 [11/12 
1119-27 (1955). 4 photos, 9 references H.1 

which the input 

PATENTS 

Apparatus for detecting surface discontinuities. 
Forest AND Henry N. Sraats (Magnaflux Corp 
2,761,997, Sept. 4, 1956.—An spraying 
statically charged particles over a wetted surface of glass, etc., to 

detect surface discontinuities, a conduit of electrical insulation 

a pressurized fluid medium having finely. divided 
a nozzle also of 

directing the 

DI 

&. 

apparatus for electro 

material for 
particulate material dispersed therein, and 
electrical insulation material on the conduit for 

fluid medium and particulate material against the surface of an 

article under test, the nozzle being formed of adjustable telescop 
ing portions defining a cylindrical inlet chamber and a cylindrical 

outlet chamber having a diameter substantially greater than the 

diameter of the inlet chamber for obtaining increased turbulence 
in the fluid medium and frictional contact of the 
particles with the interior surface of the nozzle while reducing 

the velocity of the fluid stream D.J.B 

increased 
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Apparatus for making impact tests. H. HopPMANN 
Il. U. S. 2,763,148, Sept. 18, 1956.—1. In apparatus for 
testing materials, an upright tower, a specimen assembly com- 

prising a mass of predetermined magnitude rigidly attached to a 
specimen of the material being tested at one of its ends, mechanism 

operable to release the specimen assembly to fall with the mass 
in advance of the specimen selectively from any of a plurality of 
predetermined heights in the tower, a driving engine operable 

when the specimen is released to drive it at a predetermined 

initial velocity for attaining a predetermined higher velocity when 

it reaches the base of the tower than is attainable by free fall, 
and means at the base of the tower to arrest the trailing end of the 

falling specimen assembly D.J.B 
Dew point temperature measuring device. Epwarp H 

Benepick (Armstrong Cork Co.). U. S. 2,764,016, Sept. 25, 

1956 D.J.B. 
Electrophoresis apparatus having a prismatic cell. GERSON 

Keceies. U. S. 2,762,254, Sept. 11, 1956 D.J.B 
Flaw detection. Wittram C. LeveNGoop (Libbey-Owens 

Ford Glass Co.). U.S. 2,765,652, Oct. 9, 1956.—1. The method 
of detecting submicroscopic cracks in a smooth body includes 

the steps of cleaning a surface of the body with a nonscratching 

cleansing agent, rinsing the cleansing agent from the surface, 

and applying a coating not substantially more than 400 a.u 
thick of a silver solution to the surface of the body to render the 

submicroscopic cracks visible to the eye D.J.B 
Gas analyzing instrument. Leonarp A. Duerz (General 

Electric Co.). U. S. 2,767,318, Oct. 16, 1956 D.J.B 
Hydraulic tensile testing apparatus for material. RoGreR A 

LONG AND Max B. Srrauss. U. S. 2,763,149, Sept. 18, 1956 

D.J.B 

Ceramic Abstracts January 

Method of studying the distribution of strain in mechanical! 
parts. SAMUEL KOHN AND Herve Guyor (Office Nation 
d’Etudes et de Recherches Aeronautiques). U. S. 2,763,154, 

Sept. 18, 1956 l The method of strain-testing a mechanica 

part comprises coating the part with a varnish comprising a lo 

boiling-point solvent, a resin having a Kramer-Sarnow point i 
the range of 80° to 100°C., and a plasticizer, heating the coate: 

part until conversion of the coating to enamel, then allowing 
it to cool to room temperature, and subjecting the part to 
predetermined strain producing cracks in the coating. D-J.B. 

Micromanipulator. FriscHMANN (Ernst Leftz G.m.b.H 
U. S. 2,760,405, Aug. 28, 1956 D.J.B 

Quick moisture teller, Harry W. DietTeRT AND RALPH E 
STEINMUELLER (Harry W. Dietert Co U. S. 2,765,160, Oct 
2, 1956.—-1. The apparatus comprises a balance arm adapted to 
support a specimen whose percentage of moisture is to be deter 

mined, resilient means on the balance arm tending to hold it in 
balanced position, follow-up mechanism comprising two relatively) 

movable parts, a motor, and means for driving the motor in a 

direction determined by the direction of relative displacement 
between the parts and to stop the motor when the parts are in 

a neutral position with respect to each other, means mounting 

one of the parts on the balance arm, a lever carrying the other 
part, a cam driven by the motor and a cam follower on the lever 
engaging the cam, the lever having an adjustable fulcrum mov 

able longitudinally of the lever to vary the lever arms of the cam 
follower and of the other part, and manually operable means 
for adjusting the fulcrum. D.J.B 

idditional abstract 

Sect. XII: Application of photometry to water analysis 

XI—Kilns, Furnaces, Fuels, and Combustion 

Calculation of the heat required to fire ceramic bodies: I. 

H. E. ScHWIETE AND G. ZIEGLER. Ber. deut. keram. Ges., 33 

[6] 184-94 (1956).— Theoretical calculation from thermodynamic 

and chemical data is illustrated by examples of hard porcelain 
(505), SiO, brick (432), and fire-clay brick (610 kcal/kg. ) 10) 

references JAS 

Construction and operation of a molybdenum wound labora- 
tory tube furnace. E. S. Wurre. Lab. Practice, 5 |7] 262-66 

(1956).—The furnace uses an impervious Al,O; tube with a 

limiting temperature up to 1850°C. or possibly short periods up 

to 1950°. 9 figures. Cf. Ceram. Abstr., 1956, Sept., p. 1967 
W.A 

Determination of carbon dioxide in coal. R. K. S. MEHTA 
AND J. W. WuitaKerR. J. Sci. Ind. Research (India), 14B [3] 

110-15 (1955).—-Two methods are described using the 21-ml 

Haldane apparatus with a reaction vessel: (1) an absorption 
method, in which the carbon dioxide is liberated and absorbed 

in potash, and (2) an expansion method, in which only the gas 
volume expansion due to the liberated carbon dioxide is measured 

The latter method is suitable for mineral carbonates in general, 

but not for carbonates in the presence of coal where considerable 
sorption of the gas by coal may occur. The precision obtainable 

is high; the time required for each estimation is about 1 hr 
1 figure, 7 references. B.L.M. 

Formation of sulfur trioxide in flue gases. P. H. CRUMLEY 
AND A. W. FLETCHER. J. /nst. Fuel, 29 [187] 322-27 (1956) 

The factors controlling the oxidation of SO. to SO; in the com- 

bustion of fuels containing S were investigated in a small kero- 
sene-fired furnace. The SO; contents of the flue gases from the 

furnace were determined chemically and were shown to depend 
on the S content of the kerosene, the flame temperature, the 
amount of excess air, and the type of flame. The SO, content of 

the flue gases from a large oil-fired boiler was determined and 

compared with the results obtained in the small furnace. 5 

figures, 16 references. V.R.E 

Fundamental flashback, blowoff, and yellow-tip limits of fuel 
gas-air mixtures. JOSEPH GRUMER, MARGARET E. Harris, 
AND VALERIA R. Rowe. U. S. Bur. Mines Rept. Invest., No 

5225, 199 pp. (1956). Pubs. Distrib. Sect., Pittsburgh 13, Pa 

Free.—Flashback, blowoff, and yellow-tipping characteristics of 
fuel gases, as distinct from factors inherent in the burner or 

appliance design, are given. The problem of exchangeability of 

fuel gases under peak load or complete exchange situations is 

emphasized. 87 figures. M.J.K 

Gas burner change saves fuel, improves quality. ANON 
Brick & Clay Record, 128 [5] 87 (1956).—-High pressure atmos- 

pheric gas burners operating at 8-lb. pressure were formerly used 
to fire beehive kilns, but they were subject to flashback produced 
by high velocity winds which sweep across the plains of central 

Kansas. The resulting uneven heat distribution caused color 

variation in 20 to 30°, of the brick. Nozzle mixing gas burners 

eliminated the discoloration. 3 figures T.H.E 

National survey of burner fuel oils. O. C. Brave. Ll”. § 
Bur. Mines Inform. Circ., No. 7762, 24 pp. (1956 Pubs 

Distrib. Sect., Pittsburgh 13, Pa. Free.—Data submitted by 

45 petroleum refining companies on 427 samples of 5 of the 6 

grades of burner fuel oil marketed are presented. 1 figure 

M.J.K 

Recent drier installations in Sweden. CuriIsTeER ENBERG 

Ziegelind., 9 [17] 622-27 (1956).—-Heat balances and diagrams 
of driers are given r.W.G 

Refractories. ANoNn. Brick & Clay Record, 128 [1] 65-89 

(1956).—Short articles written by experts give constructional 

details and types of refractories used in the muffle tunnel kiln, 

glass furnace, glass annealing lehr, electrical porcelain tunnel 

kiln, brick kiln, periodic type kiln for heavy clay products, 
continuous porcelain enamel furnace, porcelain enamel box 
furnace, porcelain smelter, refractory tunnel kiln, rotary kiln 

for lightweight aggregates, tunnel kiln car tops, and kiln furniture 
11 figures T.H.E 

Scientific principles of combustion and their application: 
I, Il. Bernarp Lewis AND GUENTHER VON ELBE. I/nd 
Heating, 23 |8] 1621-34; [10] 2079-80 (1956).—The scientific 
principles and chemical kinetics of combustion processes of solid, 
liquid, and gaseous fuels are explained. Formulas for flame 

propagation and stabilization are derived for practical application 

11 references. Cf. Ceram. Abstr., 1952, May, p. 957 M.Ha 

Thermal physics of coke-fired shaft furnaces for sintering 

dolomite. Hans EIGEN. Tonind.-Zig. u. Keram. Rundschau, 
80 [9/10] 137-43 (1956).—-A theoretical analysis shows that the 
most efficient combustion is achieved under the following con 

ditions: (1) sharply classified coke of 40 to 60 mm. for a bed 15 

m. deep and 60 to 80 mm. for deeper beds, (2) dolomite 100 to 

150 mm., (3) maximum output of tons of sinter per square meter 

equal to the depth of the bed in meters, (4) good thermal in 

sulation of the lining, and (5) temperature of the outgoing sinter 
not above 100°C. A plant designed on this basis requires 909 
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of sinter containing 92°, free CaO + MgO. 13 

J.AS 

keal. /kg 

figures, 8 references 

PATENTS 

Differential oxygen analyzer. Rosert D. RICHARDSON 
Hays Corp.). U. S. 2,763,151, Sept. 18, 1956 D.J.B 

Gas-fueled radiant burner. Emir, BLana (Selas Corp. of 
America). U. S. 2,762,428, Sept. 11, 1956.—1. In a radiant 
up type gas burner, the combination of a refractory ceramic 

lock having a pair of opposed faces, one of the faces being 

provided with a cup shaped depression forming a,.combustion 

space, the block being provided with an opening extending from 
the base of the depression to the opposite face thereof, and means 

b 

-XII, Materials 21 

to supply a fuel mixture to the depression including a holder 

and a distributor carried thereby and extending through the 
opening toward the depression, the distributor being provided 

with means forming a plurality of axially extending channels 
around the same adjacent to the periphery thereof extending 

from the interior of the holder to the depression and through 
which fuel flows to the depression, the distributor being provided 
with an enclosed chamber adjacent to the end thereof toward 

the depression, means forming passages between some of the 
channels and the chamber, and means forming passages from the 

chamber to the depression whereby fuel can flow from the 
channels through the chamber to the depression to be burned 

therein D.J.B 

XIl—Materials 

Application of photometry to water analysis. J. W. Poisky 
im. Ceram. Soc. Bull., 35 [11] 4383-36 (1956).—The various 

component parts and the principle of operation of a photometer 
ire described. Its application in water analysis is demonstrated 
by a procedure for the determination of the sulfate ion. 4 

figures, 7 references 

Available quality and quantity of water for the ceramic indus- 
tries. W.H. Durum Am. Ceram. Soc. Bull., 35 |11] 417-21 

1956 ).—The occurrence and distribution of the Nation's water 
resources, current data on withdrawals for consumptive and 
nonconsumptive uses, and the lesser known variations in water 

quality are summarized. 5 figures, 13 references 
Ceramic process water conditioning by ion exchange. WALTER 

E. Coomss, Jr. Am. Ceram. Soc. Bull., 35 [11] 430-32 (1956) 

rhe need for and the advantages gained by the softening and/or 
deionization of ceramic process water are reviewed. A brief 

discussion of the mechanics of ion exchange is given. Equipment 
design is considered. Typical examples of the problems en 
countered in ceramic processing are cited 

Columbium (niobium) deposits of Canada. Roserr B. 

Rowe. Can. Mining Met Bull., No. 533, pp. 644-47 (1956 

Columbium minerals occur in placer deposits near Golden, B. C., 
derived from granitic stocks. At Manson Creek columbium 

minerals are disseminated in a calcite-soda pyroxene rock in a 
complex of carbonate and alkaline rocks. Near Chapleau, 
Ont., disseminated pyrochlore occurs in nepheline syenite with 

magnetite and apatite. Lake Nipissing occurrences are similar 

to the Manson Creek deposit Near Oka, Que., disseminated 

columbium minerals also occur in a complex of carbonate and 
alkaline rocks G.M.H 

Effect of water in enamel and glaze operations. Rosert F 
PATRICK AND JOHN E. Marguis. Am. Ceram. Soc. Bull., 35 

11] 427-29 (1956).—The role of water in the set of enamel and 

glaze slips and in metal preparation is reviewed. The effect of 
water in the quenching of enamel and glaze frits is discussed 

briefly. 9 references 

Exploration for asbestos. H. K. Conn. Can. Mining J., 
77 [10] 73-74 (1956).—-Chrysotile asbestos is restricted mainly 

to serpentinized zones of ultrabasic rocks. Minor deposits are 
present in dolomitic limestone near intrusive contacts. Where 

ultrabasic rocks are exposed, the old-fashioned prospector is 

desirable in any search. Where there are no exposures, supple- 
mentary techniques such as the use of the magnetometer are 

Anomalies do not always indicate asbestos nor do ore 
bodies always have a magnetic halo. Geophysical exploration 

must be followed by ground work. Evaluation must be done 

by an experienced man, and there must be very careful mapping 

Che best assaying is done by established producers. G.M.H 

Extraction of metallic gallium from Hungarian bauxites. E 
Papp, A. HEyJA, AND J Oveces. Acta Tech. Acad. Sci. Hung., 

14 | 1-2] 55-78 (1956) (in French Hungarian bauxites contain 

0.0026 to 0.0043°% Ga. A wet analytical and spectroscopic 

method was developed for measuring gallium contents in the raw 

material, intermediate products, and final products with an 

iccuracy of 0.01% The electrolytic extraction of Ga as gallate 

is described in detail; the electrolytic Ga has a purity of 99.90%, 

} figures, 44 references M.Ha 

Flints. ANoNn. Pottery Gaz., 81 [952] 1462-65 (1956) 
Che origin, preparation, and use of flint are described. 7 photos 

C.M.C 
Elizabeth, 

useful 

Georgia Kaolin Handbook. Georgia Kaolin Co., 

J., 1956. 69 pp. 
Kyanite recovery at Baker Mountain, Va. M. P. Corriveau 

Mineral Inds. J. (Virginia Polytech. Inst.), 2 |4] 1-4 (1955 Cc 
briefly discusses the occurrence of kyanite in the metasedimentary 

Wissahickon formation in Prince Edward County, mining and 

milling operations, magnetic separation, and postconcentration 
treatment which includes conversion to mullite. The mining is 
open-cut over an area of about 40 acres to an average depth of 

125 ft. 3 figures, 4 references A.C.B 
Lithium deposits of the Cat Lake-Winnipeg River area. 

J. F. Davies. Western Miner and Oil Review, 29 [9] 35-37 

(1956).—Four major spodumene-bearing dykes in the Cat 
Lake-Winnipeg River area, Manitoba, contain an estimated 7.5 

million tons grading over 1.5°, LixO. The dykes have been 

drilled to depths of 200 to 1000 ft. On all properties the possi 
bility of increasing tonnages is good. Several other dykes 

require further investigation. Spodumene occurs mainly in 
white or gray albite pegmatite dykes in andesite close to contacts 

of gray and buff granites with sediments G.M.H 

Note on the thermal study of muscovite mica. M. L. Misra, 
F. A. ANSARI, AND K. N. PUSALKER Refractories J., 32 |8} 
372-74 (1956 Results are given of the physical and optical 

changes in muscovite mica heated to different temperatures 

Eighteen samples of equal size and thickness obtained from the 
Koderma mica fields, Bihar, India, were heated in a small electric 
furnace from 200° to 1100°C. The results are tabvlated l 

figure, 2 references C.M.C 

Physical properties of an illitic clay due to specific base- 
exchange cations. R. L. EscHENBURG, R. L. Srone, E. J] 
Weiss. J. Am. Ceram. Soc., 39 |11] 398-402 (1956 

an illitic clay from Grundy County, Illinois, was fractionated 

at 5u. The base-exchange cations of the <5y fraction were ex 

changed for Ca*t*, Mg**, Na*, and NH,?* cations to study 

the changes in physical properties due to specific base-exchang: 

cations. Studies on water of hydration, bulk density of dry 

pressed clay, viscosity, and fired properties showed that th« 
base-exchange cation had a definite effect on the physical prop 
erties of the clays studied. 7 figures, 9 references 

Procurement of some hitherto rare metals. A. R. Pows1 
Chemistry & Industry, 1956, No. 31, pp. 809-12.—-The principal 
sources of Be, Sc, V, La, Ce, Ge, Ti, Zr, Th, Nb, Ta, and 

U as minerals and of Ga, In, Tl, Ge, V, U, and Re as metallurgical 

and other by-products, their decomposition, and their production 

Grundite, 

as pure compounds and as metals are described V.R.E 

Research on drill dust. G. R. Rourt anp J. C. Bloomer 
Can. Mining J.,77 (9) 76-79 (1956 Nearly all dust control in 

drilling centers on the efficient use of water and controlled air 

G.M.H 

Water as a ceramic raw material. G. W. PHELPS AND S. G 

MAGUIRE, JR Am. Ceram. Soc. Bull., 35 {11} 422-26 (1956 

The sources of soluble matter in water supplies are touched upon 

and literature relating to water and clay—water systems is r 

viewed. The effect of soluble salts in plastic formed ware i 
discussed in the light of field observations, and experimental! 

data are given for the effect of the common soluble salts on a 
representative casting body. Chloride and sulfate ions have 
significant effects upon slip qualities, although ordinary hardnes 

has little real effect Thickening rates are given and discussed 

Emphasis is laid on the relation of degree of deflocculation to 
thickening. 8 figures, 27 references 

PATENTS 

Alkali titanium halide compositions. ABNER BRENNER AND 
Josepn M. Suerrey (United States of America as represented 
by the Secretary of Commerce U. S. 2,765,270, Oct. 2, 1956 
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1. A composition of matter consisting of a mixture of alkali 
titanium halides consists essentially of a substance having the 

empirical formula M,Ti,X,., in which M is an alkali metal and 

X is a halogen selected from the group consisting of chlorine, 
bromine, and iodine and in which the ratio of a to } to ¢ is 1-1.5 
tolto4 D.J.B 

Apparatus for the manufacture of redlead. Rene A. PERIERES 
(Société Francais dite Solumeta). U. S. 2,761,767, Sept. 4, 

1956.—1. Apparatus for manufacturing red lead comprises a 
vaporizing furnace, a condensing chamber of horizontally 

elongated form having a communication at one end with the 

vaporizing furnace, the vaporizing furnace being a three-phase 
electric-arc furnace having a means for feeding metallic lead wire 
into the furnace arcs, means located at the end of the chamber 

adjacent the communication with the vaporizing furnace for 

introducing air into the condensing chamber, a fan located at the 
end of the chamber opposite the communication with the vapor- 

izing furnace, a conduit passing from the fan to the introducing 
means, the fan serving to introduce air into the conduit for re- 
circulation thereof to the introducing means, a conveyer screw 

in the lower part of the chamber, electrical heating means sur- 

rounding a substantial part of the chamber, a first cooling means 

connected to the heating means for regulating chamber tempera- 

ture, and a second cooling means connected to the conduit for 

regulating the temperature of the recirculating gases. D.J.B 

Cracking catalyst preparation. CHARLES J. PLANK AND 

PETER D. BRANTON (Socony Mobil Oil Co., Inc.). U.S. 2,763,- 
622, Sept. 18, 1956.—-1. A method for producing a porous 
adsorptive catalytic material comprises intimately admixing 
raw kaolin in an amount corresponding to less than 50°, by 

weight of the total solids in the subsequently dried product with 

silica hydrogel prepared at a gelation pH in the range of 2 to 4 
and drying the composite so obtained D.J.B. 

Dissolution of titaniferous ore concentrates with amine 
addition. THomas S. GRIFFIN AND WARREN Ropcers ( National 

Lead Co.). U. S. 2,767,053, Oct. 16, 1956.—1. A method for 

treatment of titaniferous ores containing organic flotation agents 
selected from the group consisting of anionic flotation agents, 

petroleum agents, and asphalt materials to render them amenable 

to attack by concentrated sulfuric acid comprises adding to the 
ore 0.05 to 0.2% of its weight of an amine having the formula 

wherein R and R’ represent saturated alkyl radicals containing 

12 to 20 carbon atoms and R” is selected from the group consisting 
of hydrogen and saturated alkanoic acyl radicals containing up 
to about 20 carbon atoms D.J.B 

Lead silicophosphate compositions and processes for preparing 
them. Epwarp C. Broce (E. I. du Pont de Nemours & Co.) 

U. S. 2,763,560, Sept. 18, 1956,—-7.__In a process of preparing a 
composition of the formula (PbO),+ ,(SiO.),(P2O;),, where the 
ratio of y to x is from 0.35 to 0.70, the steps consist essentially of 

intimately mixing lead oxide, silica, and phosphorus pentoxide 
in such proportion that the ratio of y to x is at least 0.35 but not 
exceeding 0.70 and then heating the mixture to a temperature of 
L000° to 1300°C. until a composition containing a crystalline 

lead silicophosphate is formed. D.J.B 

Method and apparatus for magnetic separation of ores. 
AuGustTIn L. J. QueNgEAv. U. S. 2,766,888, Oct. 16, 1956.—1. 
The improvement in the wet magnetic separation of materials 
consisting of mixtures of magnetically susceptible materials 
varying substantially in their magnetic susceptibilities, such as 

mixtures of magnetite and hematite, comprises flowing a suspen- 

sion of a mixture of the materials in a liquid medium under a con- 
trolled hydrostatic head downwardly in a restricted path through a 

generally horizontally extending magnetic field and causing 
magnetically susceptible particles to be attracted to the sides 
of the path, alternately increasing and decreasing the intensity 
of the field at the opposite sides of the path out of phase, and, 

during the intervals of increased field intensity, magnetically 

urging the particles collected at the side then subjected to the 
increased field intensity downwardly and laterally away from 
the restricted path to points of collection separated from the 
main downward flow of the residue of the suspension. D-J.B. 

Method for making composite titanium dioxide pigment 
material. W1LL1aAM GRAVE (National Lead Co.). U. S. 2,760,- 

a 

= 

January 

880, Aug. 28, 1956.—1. A process for the manufacture of a 
composite pigment material comprising titanium dioxide j; 

rutile form and an extender consists of the steps of boiling a: 
admixture comprising an extender selected from the grou, 

consisting of calcium sulfate, barium sulfate, and strontium su] 
fate and a titanium sulfate slag solution wherein the ratio of iro 
sulfate to titanium dioxide is in the range of about 0.6 to 2.0 to 

precipitate a composite hydrate; adjusting the sulfuric acid 
concentration of the admixture to about 16 to 18°7; and calcin 

ing the composite hydrate at about 900° to 975°C. to convert 

the calcined composite hydrate to rutile : D.J.B 

Method of preparing |boron] halides. EUGENE WaAINER 
(Horizons, Inc.). U. S. 2,762,691, Sept. 11, 1956 D.J.B 

Preparation of magnesium carbonate. HrRMAN C. FROELICH 
(General Electric Co.). U. S. 2,765,212, Oct. 2, 1956.—1. The 
process of manufacturing magnesium carbonate comprises 

precipitating magnesium carbonate particles by addition of 

magnesium sulfate solution to a solution of ammonium carbonate, 

washing the magnesium carbonate precipitate with water, con 
verting occluded insoluble magnesium sulfate and double salts 

of ammonium-magnesium sulfate present in the precipitate into 
magnesium carbonate and soluble ammonium sulfate by reslurry 
ing the precipitate with water containing ammonium carbonate, 

filtering, and again washing the precipitate with water. D.J.B 

Preparation of metal titanate. [Leon MERKER ( National Lead 
Co.). U. S. 2,767,050, Oct. 16, 1956.—1. Preparation of finely 
divided nickel titanate adapted for the manufacture of single 

crystals comprises admixing titanium sulfate solution and a 
nickel sulfate solution and concentrating the mixture to SO, 

fumes to precipitate a double salt of nickel titanium sulfate, 
filtering and drying the precipitate, and calcining at elevated 

temperatures until the sulfate values are destroyed and the 

nickel titanate compound is obtained D.J.B. 

Preparation of silica-alumina catalyst of reduced cracking 
activity. VLApmmiR HAENSEL (Universal Oil Products Co 

U. S. 2,763,623, Sept. 18, 1956.—1. A process for preparing a 
catalyst comprises heating a synthetic silica-alumina cracking 
component at about 900° to 1800°F. in the presence of steam 

until the hydrocarbon cracking activity thereof is reduced below 

about 50° of the original activity and compositing platinum 

therewith in an amount of about 0.01 to 2.5°; by weight of the 
catalyst. D.J.B 

Preparation of tetrahalides of zirconium and hafnium. EUGENE 
WAINER (Horizons Titanium Corp.). U. S. 2,762,688, Sept. 11, 
1956. D.J.B 

Preparation of thorium tetrahalides. EUGENE WAINER 
(Horizons Titanium Corp.). U. S. 2,762,684, Sept. 11, 1956 

D.J.B 

Process for concentrating kainite by means of flotation. 
GERLANDO MARULLO AND GIOVANNI PERR1 (Montecatini Societa 

Generale per l'Industria Mineraria e Chimica). U.S. 2,766,885, 
Oct. 16, 1956. D.J.B 

Process of making reinforced silica gel and esterified silica gel. 
Guy B. ALEXANDER, Epwarp C. BROGE, AND RALPH K. ILER 

(E. I. du Pont de Nemours & Co.). U. S. 2,765,242, Oct. 2, 

1956.—1. In a process for making a reinforced silica gel from 

a silica gel having a surface area of 5 to 100 sq. m./ml. of gel 

volume and a concentration of 3 to 30 gm. of SiO, per 100 ml. of 

gel volume, the step comprises heating the gel in water at a pH 

of 3 to 10.7 and a temperature of 80° to 250°C. until the specific 

surface area of the gel has been reduced by 10 to 50% and drying 

the product from a liquid medium. D.J.B. 

Process for the manufacture of titanium dioxide. James T 
RICHMOND AND Howarp A. S. Bristow (Laporte Titanium, 
Ltd.). U.S. 2,760,846, Aug. 28, 1956.—1. Ina process for the 

manufacture of titanium dioxide by the oxidation in the vapor 
phase of a tetrahalide selected from the group consisting of the 
tetrachloride, tetrabromide, and tetraiodide of titanium, the 

tetrahalide vapor is reacted with gaseous oxygen within a bed of 

solid particles selected from the group consisting of particles of 
silica, alumina, and titanium dioxide and maintained in a fluidized 
condition at 750° to 1250°C., and at least the greater part of the 

titanium dioxide formed is carried away with the gases leaving 

the fluidized bed. D.J.B 

Process for preparing alumina sols. JoHN BuGosn (E. I. du 
Pont de Nemours & Co.). U. S. 2,763,620, Sept. 18, 1956.—1 

In a process for the manufacture of a stable aqueous dispersion 
of colloidal, amorphous, hydrated alumina, the steps comprise 

reacting a water soluble aluminate salt of a base having a basic 
dissociation constant greater than about 0.1 with an acidic 
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component of the group consisting of a monobasic acid having 

1 dissociation constant greater than about 0.1, an aluminum 
salt of such acid, and mixtures thereof, the reaction being effected 

by bringing together an aqueous solution of the aluminate and an 

aqueous solution containing the acid component with agitation 
at the point of initial contact of the aqueous solutions to form 

an aqueous reacting mass, the acidic component being present 
in such excess that the pH of the reacting mass is below about 

5.5 throughout the reaction and is above about 3.5 at the com 

pletion of the reaction, at least half of the aluminum content of 
the alumina in the aqueous mass at the completion of the reaction 
being provided by aluminate which is added while the pH of the 
reacting mass is within the range of about 3.5 to 5.5, and sufficient 

water being present at the completion of the reaction to provide 

not more than about 5°; by weight, calculated as Al,O;, of alumi- 
num-containing material in the aqueous dispersion formed in the 

D.J.B 

Process of producing silicon sulfide. Morris L. NIgLSEN 
AND JOSEPH S. DuNN (Monsanto Chemical Co.). U. S. 2,766,- 

103, Oct. 9, 1956.—-1. The process of producing silicon sulfide 

comprises igniting a mixture of reactants consisting of 1 mole of 

silicon, substantially up to approximately 0.5 mole of silica, and 
2 moles of sulfur in the presence of 0.5 to 5.0°> by weight, based 

on the total weight of the mixture of silicon, silica, and sulfur, 

of a peroxide selected from the class consisting of barium, sodium, 

and potassium peroxides D.J.B 

Process for recovery of uranium and other metal values from 
sulfate solutions. Nits H. Brunprin (Ekstrand & Tholand, 
Inc.). U. S. 2,762,685, Sept. 11, 1956 D.J.B 

Process for separating sodium chloride from kainite by means 

process 

of flotation. GERLANDO MARULLO AND GIOVANNI PERRI 
(Montecatini Societa Generale per lI'Industria Mineraria e 
Chimica). U. S. 2,766,884, Oct. 16, 1956 D.J.B 

Process of separating tantalum and niobium values from each 
other. Haritey A. WILHELM AND JAMES V. KERRIGAN (United 
States of America as represented by the United States Atomic 

Energy Commission U. S. 2,767,047, Oct. 16, 1956. D.J.B 

Purification of uranium peroxide. CLARENCE L. RICHARDSON, 
SANFORD B. SmitTH, AND GorDOoN B. Rossrns (United States of 
America as represented by the United States Atomic Energy 

Commission). U. S. 2,764,470, Sept. 25, 1956.--1. The method 
of preparing uranium peroxide of low fluoride content comprises 
forming a slurry of fluoride-contaminated uranium peroxide in 

an aqueous solution of an acid selected from the group consisting 

of nitric acid and sulfuric acid sufficient te dissolve only a minor 

proportion of the uranium peroxide and then separating the 

undissolved uranium peroxide from the solution D.J.B 

Recovery of uranium from dilute solutions by a precipitation 
method. GLENN W. KINZER AND RicwHarRD D. Morin (United 

States of America as represented by the United States Atomic 

Energy Commission). U. S. 2,764,471, Sept. 25, 1956.—-l. A 
process for recovery of uranium values from an acidic aqueous 

solution thereof comprises precipitating the uranium with an 
organic acid of the group consisting of phosphinic and phosphonic 

acids containing an aryl group from the solution wherein the 
PH is between 0 and 3, separating the resultant uranium-contain 

ing precipitate from the acidic solution, hydrolyzing the precipi 
tate with dilute alkali so as to form the insoluble alkali diuranate 

and the alkali salt of the organic acid, separating the diuranate 

from the aqueous soluble solution containing the sodium salt 

of the organic acid, and collecting and recycling the aqueous 
solution of the sodium salt of the organic acid for precipitation 

of uranium values from a fresh charge of an aqueous solution 

containing additional uranium values dissolved therein 
D.J.B 

Silica-containing gels. KENNETH D. AsHLEy, WILLIAM B 
INNES, AND EMERSON V. PaAuL (American Cyanamid Co 
U. S. 2,763,533, Sept. 18, 1956.—1. In a method of preparing 
a silica-containing gel which comprises forming a silica gel slurry, 
dewatering, washing, and drying it, the improvement comprises 

forming the silica gel slurry by diluting a commercial sodium 

silicate solution to 3 to 12°, SiO., adding the diluted solution to 

a mineral acid to form a silicic acid solution within the pH range 

of 1.0 to 4.5, and substantially simultaneously admixing with 
igitation and in the presence of a portion of a silica gel slurry 

Materials 23 

from a previous run the silicic acid solution with additional 
diluted sodium silicate solution containing 3 to 12% SiO. in 

such proportions as to maintain a pH of 6.0 to 8.5 during such 
admixture to form a silica gel slurry which is capable of conversion 
by dewatering, washing, and drying into a low apparent bulk 
density silica-containing gel which is easily disintegrable into a 

very fine particle size D.J.B 

Silica-magnesia catalyst having improved regeneration charac- 
teristics. Marvin 7]. DEN Herper (Standard Oil Co U. S. 
2,760,939, Aug. 28, 1956.—1. A process for preparing a silica 

magnesia catalyst of improved regeneration stability for convert 

ing hydrocarbon oils comprises heating a porous silica gel in 
contact with water vapor at about 600° to 1600°F., whereby 

the pores of the silica gel are stabilized at an average diameter 

mixture 

weight 

greater than about 50 a.u., preparing a thereof with 

magnesia containing up to about 25°, by MgO, dry 

basis, effecting a reaction between the silica and the magnesia 

whereby there is obtained a homogeneous distribution of catalyti 

cally active magnesium silicate throughout the pores of the stabi 

lized silica gel, and drying the resulting composition D.J.B. 

Silica-zirconia catalyst of superior regenerability. LLEWELLYN 

HEARD AND GLENN M. WEss (Standard Oil Co U. S. 2,764,- 

558, Sept. 25, 1956.—-1. A process for preparing an improved 

silica-zirconia catalyst comprises preparing a mixture of hydrous 

silica gel and hydrous zirconia having about 5 to 20% by weight 

zirconia on an anhydrous basis, partially drying the resulting 
mixed hydrogel to the appearance of surface crystals, freeing the 

partially dried mixed hydrogel from any water-soluble substances 

by water washing, soaking the water-washed hydrogel in an 

alcohol having 1 to 3 carbon atoms per molecule for a period 

sufficient to substantially remove remaining water therefrom and 

to convert the hydrogel into an alcogel, removing the alcohol 

from the alcogel by ordinary temperature below 

400°F., and calcining the resulting dry gel at about 800° to 

1200°F., 
characterized by the property of having its carbon-burning rat« 

drying at a 

whereby a silica-zirconia catalyst is obtained which is 

during regeneration increase with extended us D.J.B 

Treatment of clays. Wuitt1AM E. Brown (Gulf Research & 
Development Co.). U. S. 2,761,835, Sept. 4, 1956.—1 A 
method of stabilizing a clay-containing body comprises contact 

ing the body with substituted ammonium ions, derived from ali 

phatic nitrogen compounds, selected from the group consisting 

of dialkyl-substituted ammonium ions wherein each alky! 

substituent has a total of 3 to 8 carbon atoms, with the 
straight chain, starting with the carbon attached to the nitrogen, 

having 3 to 7 carbon trialkyl-substituted ammonium 

ions wherein each alkyl substituent has a total of 3 to 8 carbon 

atoms, with the longest straight chain, starting with the carbon 

attached to the nitrogen, having 3 to 7 carbon atoms; and tetra 

alkyl-substituted ammonium ions wherein each alkyl! substituent 

has a total of 2 to 8 carbon atoms, with the longest straight chain, 

starting with the carbon attached to the nitrogen, having 2 to 7 

U. S. 2,761,843.—1 A method of stabilizing 

comprises contacting the 

from basic 

longest 

atoms; 

carbon atoms 

a clay-containing 

substituted ammonium 

pounds represented by the following general formula 

R, Ri R, 

body with body 

ions derived nitrogen com 

(n+2)* 

R, N R N R N R, (n+2 A 

R, R, 

wherein R, is selected from the class consisting of hydrogen and 

methyl, ethyl, and propyl groups, R is an alkylene group having 

2 to 12 carbon atoms, with the sum of the number of carbon 

atoms contained in the R groups plus two times the total number 

of carbon atoms in all R; groups being at least 6, m is an integer 

from 0 to about 100, and A is an anion D.J.B 
Treatment of clays. Witt1am E. Brown CLIFFORD R 

G1acoBINnE (Gulf Research & Development Co U. S. 2,761,- 

836 to U. S. 2,761,842, Sept. 4, 1956 D.1.B 

Treatment of phosphate rock to iecover phosphorus and 
uranium values. Rosert F. McCuLitoucn (United States of 
America as represented by the United States Atomic Energy 

Commission). U. S. 2,767,045, Oct. 16, 1956 D.J.B 
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XII|—Chemistry and Physics 

Binary system anorthite(CaAl,Si,O; )-akermanite(Ca,MgSi.O;) 
E. CHRISTIAAN DE Wys AND WILFRID R. Foster. J. Am 

Ceram. Soc., 39 [11] 372-76 (1956).—A study of equilibrium rela 

tions in the system anorthite-akermanite was made as a part of 
an investigation of the ternary system diopside—-anorthite—aker- 
manite. The quenching method was used. The liquidus rela- 

tions indicate that anorthite and 4kermanite form a simple binary 
system, with a eutectic of 46 anorthite, 54 Akermanite (by weight ) 
at 1234° + 2°C. There is strong reason to believe that pure Aker- 

manite, rather than an aluminous melilite, crystallizes with anor 

thite from intermediate compositions. No evidence to support 
the alleged decomposition of Aakermanite at or below 1325°C 
was obtained, since Akermanite gave no indication of instability 

in the liquidus range of temperatures. The study shed no light 
on the relations between anorthite and its hexagonal and ortho- 
rhombic polymorphs. 2 figures, 14 references 

Determination of 1600° and 1700°C. liquidus lines in CaO- 
2Al,O; and Al.O; stability fields of the system CaO-Al.O;-SiO,. 
FREDERICK C. LANGENBERG AND JOHN CHIPMAN. J. Am 

Ceram. Soc., 39 [12] 432-33 (1956).—The liquidus lines are deter- 
mined from the chemical analyses of saturated slags at 1600° and 
1700°C. 1 figure, 6 references. 

Distribution and identification of mixed-layer clays in sedi- 

mentary rocks. CHARLES E. WEAVER. Am. Mineralogist, 41 
[3/4] 202-21 (1956).—Recent work has shown that randomly 
interstratified 2:1 clays are abundant in sedimentary rocks. X- 

ray diffraction patterns are presented which show a wide variety 
of randomly interstratified clays composed of illite-montmoril 
lonite, chlorite-vermiculite, illite-chlorite-montmorillonite, and 

regularly interstratified chlorite-vermiculite. Methods of identi 
fying and estimating the ratio of mixed layers are demonstrated 
12 figures, 8 references HI 

Distribution of iron, manganese, nickel, and cobalt between co- 
existing pyrite and biotite in wall rock alteration. E. H. Nickel! 
Am. Mineralogist, 39 [5/6] 494-503 (1954).—Pyrite and biotite 
samples from a schist body enclosing scheelite veins were analyzed 

spectrographically. Cobalt and iron in the biotite show a distinct 
decrease in the areas where pyrite developed, indicating that the 

metallic constituents of the pyrite were probably derived from 

the wall rock minerals. The ratios of the cobalt, nickel, and 
manganese contents in pyrite to those in biotite can be considered 

to be a measure of the sulfophile characters of these elements 
On this basis, cobalt is the most sulfophile, followed by nickel and 

manganese, in that order. 2 figures, 11 references H.] 

Distribution of major and minor elements among some co- 
existing ferromagnesian silicates. E.H. Nicket. Am. Mineral 
ogist, 39 [5/6] 486-93 (1954); 40 [7/8] 699-703 (1955).—Coexist- 

ing chlorite, biotite, and hornblende from a schist were analyzed 
spectrographically for major and minor constituents. The relative 
amounts of the elements in the three minerals can be explained by 

a consideration of electronegativities. The amount of aluminum 

in the silicon positions seems to depend upon the relative electro- 

negativities of the oxygens surrounding this site, which are in turn 
governed by the degree of polymerization in the silicate structure 

and other structural differences. The extent to which aluminum 

replaces silicon in the tetrahedra influences the concentration of 
elements in the octahedral sites. The elements with similar elec- 

tronegativities behave in a similar fashion. Cobalt, nickel, 
chromium, titanium, and vanadium are ironlike; manganese, 

zirconium, and scandium are more similar to magnesium. The 

atomic fractions of the atomic elements in these sites in the 

mineral structure as recalculated from the weight percentages de 

termined spectrographically are given. | figure, 10 references 

H.I 
Effects of dissolved or adsorbed inactive gases on the reac- 

tivity of oxides. J. ARvip HEDVALL. TJyrans. Brit. Ceram. Soc., 55 

[1] 1-12 (1956).—A study was made to find out whether and to 

what extent the physicochemical properties of an oxide system 

are modified by the surrounding inactive gases that are adsorbed 
or dissolved by it. Various modifications of SiO. and Al.O; were 

preheated in air, Os, SOs, SOs + Oc, and SO; at different tem- 

peratures. The influence of the nonreactive gases on the reac- 
tivity of these oxides with CaO when they were subsequently 

heated at different temperatures showed variation according to the 
pretreatment. The dissolved or adsorbed gas affected the surface 

activity of the solid and consequently the mechanical, physical, 
and chemical surface processes. 21 figures, 6 references. 

J. EY 

a 

Experimental study of the formation and properties of syn- 

thetic serpentines and related layer silicate minerals. Devi 
M. Roy AND Rustum Roy. Am. Mineralogist, 39 [11/12] 957-75 

(1954).—The hypothesis that the formation of tubular crystals 
of chrysotile is the result of misfit of the alternate brucite and 

silica layers was tested by means of chemical substitution. In 
creasing the size of the tetrahedral layer by substituting Ge‘ 
for Si‘* results in the formation of hexagonal platy crystals of th: 

serpentine phase, Mg¢Ge,Ojo(OH),. Decreasing the size of the 

octahedral layer and at the same time increasing the size of the 
tetrahedral layer is accomplished by partial substitution of Al’ 
into the structure to form platy aluminian serpentine, Mg;Al. 

Sis0,0(0OH),. The replacement of Mg** by the similar-sized Ni? 
ion yields a serpentine, NigSi,Oj(OH),, which is either tubular 
or platy, depending on other factors. Another serpentine phase 

synthesized, NigGe,Oj(OH),, forms hexagonal platy crystals 

Other substitutions using the ions Mn?*, Zn**, Co**t, Fe®*, 

Cr**, and Ga** fail to yield a serpentine type structure. Sev- 

eral other hydrosilicate type structures were synthesized, and 

comparisons are made of the phase equilibrium relations deter 

mined to be present among phases in the systems MgO-SiO. 
H.O, NiO-SiO,.-H,O, and MgO GeO,-H;0. 4 figures, 27 ref 

erences H.I 

Fletcher’s indicatrix and the electromagnetic theory of light. 
T. C. PHemristeR. Am. Mineralogist, 39 [3/4] 172-92 (1954) 
The optical scalars and vectors for an inactive crystalline diele< 

tric are first deduced from the Maxwell equations for the electro 
magnetic field; it is then shown how these can, in fact, be 

derived from the Fletcher indicatrix. 3 figures, 10 references 

H.1 

Fluorescent X-ray spectrographic determination of tantalum in 
commercial niobium oxides. WirittAM J. CAMPBELL AND 

HowarpD F. Cari. Anal. Chem., 28 [6] 960-62 (1956).—Recent 
modifications in fluorescent X-ray spectrographic instrumentation 
permit the resolution of the tantalum La line from the usual 

interfering lines without a prohibitive loss of intensity. Tantalum 
La; line intensities as high as 750 counts per second can be ob 

tained from a sample of 5°% tantalum oxide in niobium oxide by 
the use of a molybdenum target X-ray tube, a quartz analyzing 
crystal, and a 4-in. Soller slit collimator. The residual tantalum 
content of “high-purity”’ niobium oxide was determined by the 
use of standards prepared from tantalum-free zirconium oxide 
Hand-mixed samples, when properly prepared, are as suitable as 
chemically precipitated samples. The effects of possible im- 

purities, such as stannic oxide, ferrous oxide, titanium dioxide, 

and sodium sulfate, on the analysis were calculated from adsorp- 
tion data and determined experimentally. Only titanium dioxide 

was found in commercial niobium oxides in amounts that would 
result in a measurable analytical error. Fluorescent X-ray 

spectrography is a rapid and reliable method of analysis. It 
has an accuracy within +5% of the amount present in the usual 

concentration range of 0.5 to 10°) tantalum oxide and a lower 
limit of detection of approximately 0.03°% tantalum oxide, and it 

requires an average time per analysis of about 10 min. after the 

preparation of standards. 2 figures, 8 references F.G.H 

Formation of manganese ferrite by solid-state reaction. 

H. H. Kepespy AND A. Tauper. J. Am. Ceram. Soc., 39 [12] 

425-31 (1956).—An investigation was made of the formation of 

manganese ferrite by solid-state reaction from mixtures of Mn;O, 
and Fe,O; in a 1:3 mole ratio in 4 firing cycles. Solid-state reac- 

tion was observed by means of X-ray diffraction, optical micros 

copy, mass analysis, and differential thermal analysis. Mag 

netic parameters were determined from hysteresis loop and perme- 
ability measurements. The formation of solid solutions of man- 

ganese oxide and ferric oxide, which precedes the ferrite forma 

tion, was studied in detail. Surface oxidation and exsolution i 
ferrite bodies cooled slowly from high temperatures were studied 

by optical microscopy and X-ray diffraction. 11 figures, 4 refer 
ences 

Genesis of residual kaolins. L. B.Sanp. Am. Mineralogist, 

41 [1/2] 28-40 (1956).—A study of weathered feldspathic rocks 
in the southern Appalachian region revealed that hydrated halloy 

site forms by the weathering of all types of feldspar where environ 
mental conditions are favorable, as in the Spruce Pine district o! 

western North Carolina. Further south and north of this district 
in the Blue Ridge province and east into the Piedmont province, 
the potash feldspar increasingly alters to vermicular kaolinit« 

through the intermediate stage of secondary mica, until all feld 
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spars alter to kaolinite and only small amounts of hydrated 
halloysite are formed. Hydrated halloysite, not its dehydrated 

product, is found in all deposits, which indicates that environ- 

mental conditions have not changed appreciably since Tertiary 
time. Hydrated halloysite and kaolinite are formed independ- 

ently; there was no evidence of transitions between the varieties 
Primary mica and secondary mica formed by weathering of feld- 
spar always alter to vermicular kaolinite. Quantitative miner- 

alogical analyses were made on samples from most of the deposits 
by the thin-section point-counter technique and by X-ray dif- 
fraction and glycol-differential thermal analyses of size fractions 

1 figure, 26 references H.I. 

Investigation of the kinetics of the synthesis of gahnite in the 
solid phase. S. KaYrNARSKIT AND N. A. Srporov. Ukrain 

Khim. Zhur., 21 [5] 592-99 (1955).—Synthesis of gahnite from 
highly dispersed ZnO and AI.O; proceeds in the solid phase rather 
intensively, and at 1100° to 1200°C. it proceeds quantitatively in 
3 to 4 hr. The introduction of a double excess of alumina in 
creases the rate of reaction; a double excess of ZnO increases it 

still further. During the initial period of heating, the kinetics 
are affected by the reaction between the ZnO vapors and the 

alumina grains; subsequently, the rate of the reaction is deter- 

mined by the diffusion of the ZnO through the layer of gahnite 
in the solid phase. The constants of the reaction, calculated in 

accordance with the Zhuravlev equation (Ceram. Abstr., 1949, 
March, p. 92d) are subject to the equation K = C X e~*/! 

The energy of activation, g, increases as the ratio of ZnO: ALO 

changes in the order of 2: 1—+1:2-+1:1. B.Z.K 

Investigations into methods of determination of lithium in its 
ores. P. W. Sykes. Analyst, 81 |962] 283-91 (1956).—The 
errors in known methods were determined, and it was found that 
the most accurate method was the Berzelius attack followed by 

Full procedures are given. 12 references 
W.A 

Irradiation-induced phase transformation in zirconia. M. C 
WITTELS AND F. A. SHERRILL. J. Appl. Phys., 27 (6) 643-44 
(1956).—Monoclinic ZrO, is transformed by fast neutron bom 

bardment into the cubic phase normally stable only at >1900 
2 photos W.A 

R. W. Grimsnaw, J 
Brit. Ceram. Soc 

flame photometry 

The possible mechanism is discussed 

Kinetics of the quartz transformation. 
HARGREAVES, AND A. L. Roperts. Trans 

55 [1] 36-56 (1956); for abstract see Ceram. Abstr., 1954, May, 

p. 100a. 6 figures, 6 references J.E.Y 

Kyanite, andalusite, and sillimanite in the schist in Boehls 
Butte quadrangle, Idaho. ANNA HiETANEN. Am. Mineralogist, 
41 [1/2] 1-27 (1956).—Kyyanite, andalusite, and sillimanite ar« 

found together in the cordierite-bearing mica schist of the 

Prichard formation. Microscopic studies of this schist suggest 

that the following inversions took place: (1) sillimanite-+kyanite, 

(2) sillimanite—andalusite, (3) kyanite—andalusite, (4) kyanite— 
sillimanite, and (5) andalusite—sillimanite. These inversions 

can be relatedin part to the fluctuation of temperatures and 

stresses during the complex regional and thermal metamorphism 
to which the schist was subjected. In some thin sections all 
three modifications occur side by side, suggesting that they were 

crystallized close to the physical-chemical conditions in which all 
three may exist together. The association of epidote and plagio 

clase (Angg) in the calcium-rich beds of the same area suggests that 

the temperature during crystallization was close to 400°C. 11 

figures, 10 references 

Oscillating-heating X-ray diffractometer studies of clay mineral 
dehydroxylation. E. J. Weiss aNp RicHarps A. ROWLAND 

Am. Mineralogist, 41 [1/2] 117-26 (1956).—With an oscillating 
heating X-ray technique the position and intensity of an X-ray 

diffraction maximum may be followed continuously while a pow 
dered sample is heated at a regular rate of temperature rise 

(5°C./min.). The sample is sedimented on a platinum slide 
mounted in a furnace designed to fit the horizontal shaft of the 
North American Philips X-ray diffractometer. The diffractom 

eter is set with the maximum to be followed at the center of 

0.5° 26 oscillation. After heating and oscillating, the tops of the 
recorded series of peaks indicate position and intensity. The 

bottoms represent the background, which is very sensitive to 

position changes. Typical oscillation-heating patterns of basal 
spacing maxima for Georgia kaolinite, a Vermont chlorite, a 
clinochlore, and sheridanite are presented. The kaolinite (001) 

remains constant at 12.32° 2@ until it collapses at 525°C. The 
chlorites (002) shift from 12.55° 2@ to 12.42° 2@ and begin to col 

lapse simultaneously with the intensity increase of the (001) 

Sheridanite (001) increases abruptly at 575°C. and collapses at 

XIII, Chemistry and Physics 25 or 

850°C. after shifting from 6.28° to 6.49° 28. Clinochlore follows 

a similar pattern. The (002) collapses abruptly at 575°C. Ver- 
mont chlorite (001) begins the intensity increase at 600°C., is 

greatest at 780°C., begins to collapse at 840°C., and is collapsed 

at 910°C. after shifting from 6.28° 26 to 6.52° 20. The (002) 

collapse begins at 600° and is complete at 910°C. These dif 
ferences may be related to the iron content of the brucite layer 
6 figures, 2 references H.] 

Osumilite, a new silicate mineral, and its crystal structure. 
AKIHO MryasHIRO. Am. Mineralogist, 41 [1/2] 104-16 (1956) 

Osumilite, (K,Na,Ca) (Mg,Fe**). (Al,Fe**,Fe?*); (Si,Al).O 

H,O, is dihexagonal-dipyramidal (6/m 2/m2/m = De). Space 
group P6/mcc = De*. Unit cell: ao = 10.17 a.u., @ = 14.34 

a.u.; @oico = 1:1.410; containing two molecules. The crystals 
are black, prismatic or tabular. G = 2.64 Uniaxial positive 

Indices of refraction (for Na): w = 1.545 to 1.547, « = 1.549 to 

1.551; « — w = 0.004 Dichroic with w = light blue and « = 

colorless. Structurally, osumilite is composed of 
double rings, (Si,Al))2Og, connected by metal atoms (Al,Fe 

Fe?*+) in 4-coordination, (Mg,Fe**) in 6-coordination, and 

(K,Na,Ca) in 12-coordination. It is isostructural with milarite 

Probably osumilite is a relatively common mineral but has al 

It appears to occur charac 

2 figures, 

14 references H.] 
Particle-size analysis and centrifugal sedimentation. R 

Jounson. Trans. Brit. Ceram. Soc., 55 [4] 267-85 (1956 

Centrifugal sedimentation has been found to give differences in 
the amounts of material sedimented when identical amounts 
were expected. Experiments were carried out and various hy 

potheses were examined to explain the deviations from the sedi 
mentation equation Ceram. Abstr., 

1956, Oct., p. 222 J.E.Y 

Paragonite in the schist of Glebe Mountain, southern Ver- 
mont. JOHN L. ROSENFELD Mineralogist, 41 [1/2] 144-47 

(1956 ).—Sericite separated from the schist at Glebe Mountain 

was shown by calculations from the chemical composition and by 

X-ray diffraction studies to be composed largely of paragonit« 

with subordinate muscovite. 3 references H.1 

Possibilities of applying polarography to slag analysis. C 
Kittens. Silicates ind., 20 [12] 477-78 (1955 rhe application 
of polarographic methods to slag analysis is limited to 

ments as Fe, Ti, Cd, Zn, and possibly Na and K if present in an 
amount of less than 1%. 2 figures, 8 references S.A! 

Purification of refractory substances by treatment in the solar 
furnace. FrLIx TROMBE AND Marc Fokx. Compt. rend., 238 
13] 1419-20 (1954 Purification of ThOs, with a melting point 

higher than 3000°C., in the solar furnace is described rhe oxide 

rapidly loses its impurities, which migrate into zones of medium 

Spectrographic examination showed 

hexagonal 

ways been mistaken for cordierite 

teristically in volcanic rocks and inclusions in them 

5 figures, 7 references. Cf 

Am 

such el 

temperatures or evaporate 

that all impurities originally present (silica, magnesia, alumina, 

oxides of iron, calcium, and rare earths) were eliminated. ZrO, 

behaved similarly at 2700°, and Al.O,, in which the original iron 

oxide content of 0.1% was reduced to <0.005%, at 2050 

in vacuum is still more effective and eliminates CaO, soda, and 

Ga oxide entirely from the alumina. By similar treatment 

La,O; is freed from neodymium and praseodymium oxides 

M.HaA 

Processes which take place during the firing and service of 
shapes from loess sandy loams. A. 1. NAGorNyI AND L. A 
KHOKHOL’KOVA. IJsvest. Akad. Nauk Kazakh. S.S.R., Ser 

Gornogo Dela, Met. i Streimaterial., 1955, No. 5, pp. 44-49 

In the process of heating the loams, during the decomposition of 
CaCO,, the chemically active CaO combines with the contacting 

Dur 

fusion 

silicates, forming aluminates, ferrites, and silicates of Ca 

ing the action of water on this product, the Ca silicates and alu 

Hydration of Ca aluminates proceeds rapidly 
after this, the Ca aluminate decomposes in 

CaO-ALO,-nH.O 4 

There is thus a pecul 

minates hydrate 
(in several seconds ) 

the presence of CO, in the air as follows 

CO.—CaCoO; + 2ANKOH); + (n — 3)H,O 
iar process of regeneration of calcium carbonate, which is a com 

ponent of loess sandy loams B.Z.K 

Quantitative differential thermal analyses of clay and other 
minerals. H.W. VAN DER MAREI Am. Mineralogist, 41 [3/4 
222-44 (1956 The shape and the intensity of the thermal 
curve of minerals analyzed by the d.t.a. method are 

influenced by amorphous coatings and disordered structures on the 
surface of the particles (Beilby layer) and also by diflerences in 

particle and/or crystallite size, the degree of crystallinity of the 

crystallites, and ion substitutions in the crystal structure. Exam 

strongly 
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ples are given. As variations in these phenomena are numerous, 
especially in natural clay minerals, an accurate quantitative de- 

termination of the amount of a clay mineral in a sample by the 
d.t.a. method is impossible. Even kaolinite from well known 
pure deposits has a heat of transformation that varies from 100 to 

176 and from 23 to 43 cal. /gm. for its endothermal (about 600°C. ) 
and exothermal reaction (about 980°C.), respectively. Reliable 

results can be obtained for other minerals only if the conditions 

under which the specimens are formed in nature are practically 
always the same and the minerals are pure; such circumstances 
are seldom found. These conclusions are based on experiments 

in which errors due to the d.t.a. apparatus are eliminated by 
calibration of the instrument with a standard chemical, use of 
the same sample holder and thermocouple, dilution of the mineral 

with the inert reference material, and packing of the mixture al- 

ways in the same way in the sample holder. 8 figures, 90 refer 
ences 

Rapid determination of carbon dioxide in silicate rocks. 

LEONARD SHAPIRO AND W. W. BRANNOCK. Anal. Chem., 27 [11] 
1796-97 (1955).—A simpler and faster method than the conven- 

tional ‘train’? procedures involves measurement of the volume 
of carbon dioxide evolved. The time required is about 5 min 

per sample, a saving of 30 to 40 min. for each determination with- 
out significant loss of accuracy. 1 figure, 4 references. Cf 
Ceram. Abstr., 1956, June, p. 125e F.G.H 

Reactions of double decomposition in molten cryolite confirm- 
ing the results obtained by cryoscopy. PieRRE MERGAUL1 

Compt. rend., 239 [19] 1215-17 (1954).—The precipitation of 
metal salts in cryolitic solutions of F;Cr is discussed. No pre 

cipitation was observed for SiO, and TiO.; although cryolite is 

a very good ionizing medium, the molecules of SiO, and TiO, 

remain intact M.Ha 

Reduction of titanium dioxide by calcium silicides—preparation 
of titanium silicide. W1ILLIAM FREUNDLICH, ANDRE CHRETIEN, 
AND MICHEL BICHARA. Compt. rend., 239 [18] 1141-43 (1954) 

The 3 silicides CaSi., CaSi, and CaSi reduce TiQOs, the first 

directly according to 2CaSie + 2TiIO.—~2CaO- SiO, + 3Si + 2Ti; 

the 2 others reduce TiO, in 2 stages with CaSi. serving as inter- 

mediary, i.e., 4CaSi + TiO, — 2CaSi, + 2CaO + Ti and 4Ca,Si 

+ 3TiO, — 2CaSi, + 6CaO + 3Ti. The reduction of TiO, by 

the Ca silicides gives Si and Ti, and these combine to give Ti;Si,; 

and TiSix. The crystallographic data of the unknown Ti;Si; 

area = 7.40,c = 5.14 a.u., c/a = 0.69 M.Ha 

Rees-Hugill powder density flask. Brit. Standard, No. 2701 
(1956) Price 2s.—The design and dimensions of a standard 

flask for determining the powder density (specific gravity ) of solid 

materials are specified. The flask has a range of only 2.00 to 

2.70 gm./ml., but powders with densities outside this range can 
be tested by applying a conversion factor A.B.S 

Regularly interstratified montmorillonite-chlorite. J. W. 
EarLeEy, G. W. BRINDLEY, W. J. MCVEAGH, AND R. C. VANDEN 

HeuveL,. Am. Mineralogist, 41 [3/4] 258-67 (1956).—A mixed 

layer clay mineral having a regular alternation of montmoril 

lonite- and chlorite-like layers: is described. X-ray, thermal, 

dehydration, and chemical analyses were made. X-ray examina- 

tion of the natural material shows a long spacing of about 29 

a.u. and a fairly well developed sequence of basal spacings. The 
montmorillonite-like layers expand with glycerol and contract 
with heat-treatment similar to montmorillonite, while the 

chlorite-like layers show modified reflection intensities on heating 
similar to those of chlorite. The electron distribution normal 

to (O01) indicates the presence of regular interstratification. De- 

hydration and thermal analyses yield curves which can be ac 
counted for by attributing water-loss reactions to montmoril- 

lonitic and chloritic material. The high MgO content of the 

clay indicates the presence of chloritic layers. The question of 

nomenclature of such materials is raised. 3 figures, 7 references. 

H.I 
Relation between mineral content and technological proper- 

ties of clays. L. SreGMULLER. Ziegelind., 9 |6| 175-77; [7] 
214-18; [8] 245-52; [10] 369-71 (1956).—S. divides the firing 

process into five parts: (1) a drying period without reactions in 

the solid state, the end point, according to heating rate and 

manner of drying, lying between 100° and 300°C.; (2) a period 

of termination of reactions in the solid state without associated 

partial melts, (a) up to the temperature of beginning of dissocia- 

tion of dolomite and calcite, ending about 700° with carbonate- 

free clays, and (6) ending between 700° and 1100° with car- 
bonate-containing clays; (3) a period of sintering without defor- 

mation ending between 1030° and 1250° with carbon-free clays 

a 

1bstracts January 

and between 1050° and 1120° with carbon-containing clays; (4 
a softening period, beginning between 1030° and 1250° wit! 

carbon-free clays and between 1050° and 1120° with carbon 
containing clays; (5) a period of cooling. The firing periods var) 
greatly in clays and depend upon the mineral content. C{ 
Ceram. Abstr., 1956, June, p. 125g T.W.G 

Relationship between light absorption and composition in a 
solid solution series. F.D. Bioss. Am. Mineralogist, 40 (5/6 

371-97 (1955).—Using a spectrophotometer improvised from a 

monochromator, polarizing microscope, and a phptomultiplier 
tube, light absorbance measurements were made for the y’ direc 

tion on a (110) face for crystals of varying nickel content in the 

solid solution series between Ni( NH,)o(SO,).-6H,O and Mg 

(NH,)o(SO,)2-6H2O. Measured absorbance values were found to 

confirm the Beer-Lambert law within the limits of measurement 

On the basis of this law, compositions predicted from absorbance 
per centimeter values of different crystals were accurate to within 
3.0 mole % (of the compositions predicted from density values 

for 75% of the crystals measured. Calculations made to obviate 
the effects of opaque inclusions and internal cleavages in the 
measured crystals when composition is predicted from absorb 

8 figures, 14 references 

H.1 

Relationship between microhardness and macrohardness. 
P. Gropzinski. Ind. Diamond Rev., 15 [175] 113-18 (1955) 

Recent work shows the Meyer exponential law to be basically 
correct. 4 figures, 7 references. V.R.E 

Relative stabilities of some simple silicates as related to the 
polarization of the oxygenions. HANS RAMBERG. Am. Mineral 
ogist, 39 [3/4] 256-71 (1954).— The stabilities of simple silicates 
relative to the component oxides are discussed 

relationships between the stability of these silicates and the size 

and charge of the cations are pointed out. The larger the size 
of the noble gas type cation and/or the lower its charge, the more 
stable is the silicate relative to the free oxides. This is explained 
in principle by a simple crystal model in which the oxygen ion 

becomes unsymmetrically polarized in the resultant field created 

by Sit* and the metalions. The model is put in a mathematical 

form, and it can be shown by the equation how the Sit*—-O? 

bonds become strengthened and the cation—O?~ bonds weakened 

when the oxides react to form a silicate. The energy release 
combined with the strengthening of the Sit*—-O?> links is usually 

larger than the energy absorption connected with the weakening 
of the cation—O?~ links, thus resulting in a net energy release 
when stable silicates form from the free oxides. This exothermic 

energy is related to the degree of polarization of the oxygen ion; 

the more j olarized the oxygen, the greater is the energy release 

aud the more stable is the silicate relative to the free oxides 
The empirical relationship between degree of polymerization in 

silicates and field strength of the cation is discussed. 1 figure, 
9 references H.I 

Saponite near Milford, Utah. Haro_p P. CaHoon. Am. 

Mineralogist, 39 [3/4] 222-30 (1954).—A small deposit of sapon- 

ite found near Milford, Utah, is apparently a result of hydro- 
thermal replacement of a dolomitic limestone. Differential 

thermal analysis, optical data, chemical analysis, and X-ray 
analysis all confirm its identification as saponite. Electron 

microscope pictures show it to possess a sheetlike structure as 

expected. 7 figures, 5 references H.1 
Scawtite from Crestmore, California. JosEPH MuRDOCH. 

Am. Mineralogist, 40 [5/6] 505-509 (1955).—Scawtite discovered 

in the contact zone at Crestmore, Calif., is in bundles of thin 

tabular crystals, strongly resembling in habit and mode of oc 
currence the original find at Scawt Hill. The forms present are 
as follows: {100}, } 110}, {120}, {130}, {010}, and {101}. Thea 

pinacoid is always dominant, with the prisms narrow and poorly 
developed. The mineral is monoclinic, probable space group 

[2/m, with the following cell dimensions: ap = 10.22 a.u., dbo = 
15.42 a.u., = 6.70 a.u.; a:b:c 0.6628:1:0.4345; 8B = 100°29' 
Spacings and intensities for the stronger lines were obtained 

from the completely indexed powder photographs. 4 references 

Cf. Ceram. Abstr., 1956, Oct., p. 227¢. H.1 
Screw dislocations and charge balance as factors of crystal 

growth. STERLING B. HENpRIcKs. Am. Mineralogist, 40 (3/4 

139-46 (1955).—Screw dislocations in crystals are discussed, 
and the growth spirals that arise from them are shown. A second 

general method of crystal growth is advanced. It depends upon 

the necessity of balancing the forces between ions or atoms at ter 
minating crystal surfaces. 6 figures, 13 references H.I. 

Sedimentation volume of clay. K. Pate, W. NoBLe, AND 

ance measurements are discussed 

Some general 
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F.H. Crews. Trans. Brit. Ceram. Soc., 55 [2] 140-56 (1956) 
rhe sedimentation volume of a clay in water is characteristic of 
the clay and is probably dependent on the characteristic rela- 

tionship between clay and water, as are plasticity and drying 
shrinkage. Correlations of sedimentation volume with working 

moisture content, with moisture content in the leather-hard state, 
with shrinkage during drying, with green curvature, and with the 
percentage of particles less than 0.002 mm. are shown. 6 

figures, 13 references J.E.Y 

Shortcuts for transient heat flow. IRvING GRANET AND 

Rospert M. Goutp. Chem. Eng., 63 [2] 183-86 (1956).—Analyt- 

ical or graphic methods can be applied to solve problems in un 

steady-state heat conduction. 4 figures, 5 references. W.A 

Simple method for the determination of the plagioclase feld- 
spars. Wi_rripR. Foster. Am. Mineralcgist, 40 (3/4) 179-85 

(1955).—-Index determinations, involving no particular refine 

ment of technique, were made on the glasses of ten chemically 

analyzed natural plagioclase feldspars. The anorthite contents 

derived from these data agreed with those calculated from the 

chemical analyses within about 2%. The method is simple ard 
rapid and calls for no costly equipment; some platinum foil for 

enclosing the feldspar sample and a blowpipe capable of yielding 
a 1550°C. flame are the only “extras’’ needed. It is therefore 
recommended for inclusion among the standard methods for the 

determination of the plagioclase feldspars. 1 figure, 15 refer 

ences 
Simple turbidimeter. Joun S. Brapiey. J. Sediment 

Petrol., 26 [1] 61-63 (1956).—A simple turbidimeter for measur 
ing suspended solids in sea water for the range 0 to 1000 p.p.m 

was made from a light meter, variable voltage transformer, and a 
The instrument may prove of value in other sedi 

S.A.F 

light globe 
mentation studies 

Sintering and diffusion studies of zinc oxide. J. T. Roperrts, 
J. HuTcHINGS, AND C. WHEELER. Trans. Brit. Ceram. Sozc., 55 
1] 75-81 (1956) —Brief interim reports are given of studies on 

the properties of oxides arising from atom movement and es 

pecially with factors, such as nonstoichiometry, that may vary 

these properties. Linear shrinkage measurements of zinc oxide 
powder compacts indicate that the sintering of every powder is 

influenced markedly by oxygen; oxygen generally enhances the 

sintering but can retard it in some cases. The factors affecting 

the rate of zinc self-diffusion in polycrystalline oxides are studied 
by depositing a layer of zinc containing the radioactive nuclide 

zinc-65 about ly thick on the face of disks of well-sintered zinc 
oxide. The disks are then heated in flowing oxygen at 700°C 

to oxidize the radioactive zinc layer, giving chemical homo 

geneity throughout each disk. The total gamma activity of the 

disk is then determined by scintillation counter before and after 

grinding away successive thin layers (5 to 10g thick) from the 

active face. 1 figure, 6 references J.E.Y. 
Sintering by heat of reaction. E. Mryer-Hartwic. Ber 

deut. keram. Ges., 33 [3] 85-91 (1956).—The physical chemistry 

of the sintering process is given briefly, with special reference to 
mixtures in which a chemical reaction between the constituents 
provides the heat necessary for the sintering process. When a 3 

to 1 mixture of powders of TiO, and Al is compacted and heated 

in air to 800° to 900°C., the aluminothermic reaction begins; 
within 20 sec. a bar 8 x 10 mm. in cross section becomes white 
hot and is converted into a dense sintered mass of Al.O; bonded 

with Ti. A brief account is given of the practical production 
of shapes in cermets, and ceramics The 

construction of a reaction diagram is shown, and a table of thermal 
data includes those for Al, Ti, Zr, Cr, Mg, and their oxides 

5 figures, 19 references JAS 

Small-angle X-ray scattering. R.D. Dracsporr. Appl 
Phys., 27 (6) 620-26 (1956).—Colloidal SiO, of 5 to 30% concen 

tration by weight was used to produce small-angle scattering 

The results are discussed. 6 figures W.A 
Sodalite—mineral specimens No. 32. ANon. Mine & Quarry 

Eng., 22 [5] 174-75 (195€).—The synonyms, nomenclature, 

varieties, composition, crystallography, physical properties, tests, 
diagnosis, occurrence, and uses of sodalite (Na,Al;Sis0;eCl) are 

3 figures, 1 in color 

V.R.E 

‘Solubility’? of albite in hydrothermal solutions. A. F 
FREDERICKSON AND JOSEPH E. Cox. Am. Mineralogist, 39 
9/10] 738-49 (1954).—The apparent solubility of albite in pure 

water was determined over a limited range of temperatures at a 
pressure of 300 bars and compared with that of quartz. The 

solubilities are of the same order of magnitude, suggesting that 

semiconductors, 

presented in mineralogical textbook style 

XIII, Chemistry and Physics 27 

both minerals disintegrate or decompose according to the same 

mechanism. The greater “solubility” of quartz accounts for its 

first appearance and great persistence in natural hydrothermal 

solutions. Both ions and silicate fragments result when albite 

is attacked under the experimental conditions The 

possibility that actual particles of silicate structures, ranging up 

to 1000 unit cells in size, might be transported through rocks is 

The origin of certain clay minerals and the alumino 

used 

suggested 

silicate fragments in shales is discussed. 6 figures, 6 references 

H.1 

Solvents and solutes for the preparation of immersion liquids 
of high index of refraction. RosertT Meryrowirz. Am. Mineral 
ogist, 41 [1/2] 49-59 (195¢ The types of that 

should be suitable as solvents and solutes for the preparation of 

compounds 

immersion liquids of high index of refraction are covalent in 
organic, organic, and meta-organic compounds containing the 

nonmetallic elements of the carbon, nitrogen, and 

fluorine groups of the periodic table and mercury and thallium 

Many of these compounds have already been used to make immer 

sion liquids of high index of refraction. Other 
these types that might be suitable are suggested 

oxygen, 

compounds of 

26 references 

H.! 

Some physical consequences of elementary defects in dia- 

monds. F. C. CuHampion. Proc. Roy. Soc. (London), A234 
[1199] 541-56 (1956). 4 figures, 15 references V.R.E 

Some rate processes in ceramics. J]. H. CANNON AND J] 
WHITE Trans. Brit. Ceram. Soc., 55 {1| 82-111 (1956 The 

general principles governing rate processes are stated, and the 

of the rate determining mechanism in important ceramik 

Rate measurements have been made on 

nature 

processes is discussed 

the a to y transformation in alumina, the thermal diss 

of ferric oxide, the thermal dehydroxylation of clays, th 

ing of glass and of crystalline oxides, and shrinkage during vitri 

fication 
evaluate rate constants and energies of activation are described 

13 figures, 36 references J.E.Y 

Sorption of radioactive isotopes on iron hydroxide. V. \ 
PUSHKAREV. Zhur. Neorgan. Khimii, 1 170-78 (1956 The 

removal of radioactive isotopes from radioactive waste water by 

Clation 

sinter 

The experimental procedure and the methods used to 

the use of iron hydroxide was investigated by the use of trace 

amounts of long-lived isotopes. The hydroxide was produced in 

some experiments by reaction in the radioactive 

In both cases a 

sample nm 

others, it was produced separately and added 

coagulant of NasSO, was added, and the precipitate 

mitted to settle at various hydrogen ion concentrations of the 

solution for a day The effect of temperature 

tigated. The clear solution was centrifuged and tested for radio 

activity by comparison with a control that was not purified but 

permitted to stand in the same fashion as the purified samples 

The data indicate that Cs’® is practically not adsorbed at all 

under the conditions of the experiments. Sorption of Sr®®, 
Ce'**, and Ru’ occurs with an efficiency that varies with the pH 

of the solution in a manner characteristic of the ion. In general, 

there is a sharp rise in efficiency as pH is increased; maxima exist 

at the pH values Ru 6.0, Ce 6.5, and Sr 9.0. Above a pH of 9.0 

the iron hydroxide gel liquefies. Completeness of sorption in 
creases as the temperature is increased. The difference 

hydroxide produced in the solution and that added after produc 

was pel 

was also inves 

between 

tion 1s negligible as far as sorption is concerned It was con 

cluded that Ru and Ce ions are adsorbed by an ton exchang 
mechanism, and the Sr ion is adsorbed by production of a ferrite 

8 figures, 18 references D.T.W 

Spectrochemical analysis of clays and chamotte. GERHARD 
HARTLEIF AND HANS KORNFELD. Arch. Eisenhiittenw., 26 |6 
329-32 (1955); abstracted in J. Appl. Chem. (London), 6 [3 
i-370 (1956).—-The advantages and limitations of spectrographi 
methods of analysis, using spark emission, of high-alumina refrac 

Three methods for the rapid 

SiO 

raw materials are discussed 

samples of fairly constant Al,O 
tory 

routine analysis of clay 
ratio are described. In one 

and Si reference lines are used as internal standards 
the sample is digested with H,;,BO,; and LiCQ, at 

in the third, after digestion, Cu 

each case the 

a conductor, and then 

Results for 

ire given 

there is no preliminary digestion, 

in the second, 

LOOO? and the 

same lines are used; lines are 

used as external standards. In 

ground fine, mixed with Cu powder as 

pelleted, sparking being done with a Cu electrode 

Fe,O;, CaO, MgO, and AI.O; (SiO, by difference 

for samples of china clay and fire clay, with comparative results 
V.R.E 

carbon and 

samples art 

by chemical wet analysis 
Spectrochemical determination of boron in 

Cc 

a 
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graphite. Cyrus FELDMAN ANv JANUS Y. ELLENBURG. Anal. 

Chem., 27 [11] 1714-21 (1955).—-Moving plate studies showed 
that the available material which best matched the volatility 
behavior of boron in carbon and graphite in the d.-c. arc was 

finely powdered iridium. When the discharge was burned in a 

76 to 24 (by volume) argon-oxygen mixture, the line pair B 
2497/Ir 2543 gave intensity ratios having a relative standard 

deviation of 1.8% or less between 0.5 and 4 p.p.m. of boron. By 

the use of a powder spark method, the sensitivity was extended 
to 0.25 p.p.m. of boron. In this technique, a “‘sifter’’ electrode 
(a porous cup electrode with a perforated floor) was filled with 

powdered sample and used as the upper electrode in a high volt 
age spark discharge. The opening at the top of the electrode 
was closed with a small cork. During the discharge, the sample 
material sifted into the discharge area and was excited. When 

this discharge was conducted in argon, the line pair B 2497/Cu 

2492 gave a relative standard deviation of 1.8% or less between 

0.25 and 7 p.p.m. of boron. 8 figures, 26 references. F.G.H 

Spectrographic examination of the occurrence of certain 
alkali elements in calcite marbles. M. P. LELONG AND EpwIn 

S. Hopce. Am. Mineralogist, 39 [7/8] 647-53 (1954).—More 
than 100 samples of calcite marbles were analyzed spectrographi 
cally by the line width method for sodium, potassium, and lithium 
Sodium content varied from 0.001 to 0.067%, potassium content 
from <0.005 to 0.43%, and lithium content from none to 0.0018% 

Rubidium was found in only four marbles in trace amounts. A 

geographical pattern was discernible. Statistical resolutions of 
the errors showed the film error to be somewhat greater than 
the analytical, and both errors combined varied from one-half 
to one-fifth of the sampling error. In spite of pronounced scat 

tering, a general potassium-sodium relationship of 5:1 was ob 
served. Where potassium was 0.2% or higher, trace amounts 
of rubidium were detected. 5 references H.I 

Spectrophotometric determination of iron in strong alkali 

media—-4,7-dihydroxy-1,10-phenanthroline as iron(II) organic 
chelation reagent. A. A. Scui_t, G. FREDERICK SMITH, AND 
ALVIN HEIMBUCH Anal. Chem., 28 [5] 809-12 (1956) 

Snyder’s reagent, 4,7-dihydroxy-1,10-phenanthroline, is used as 

organic reagent in the ferroine chelation with iron(II), a new 
procedure for the spectrophotometric determination of iron as a 

trace element. This procedure is characterized by applicability 
in concentrated alkali solutions, a property which is not shared by 

any previously known ferroine-reacting organic reagent. Sny 
der’s reagent may be employed for the rapid and specific deter- 

mination of iron impurities in alkali hydroxides, carbonates, and 

reagent ammonium hydroxide, alkaline earth metal oxides and 

hydroxides, alkaline phosphates, and other reagent chemicals 

The spectrophotometric constants were determined. The use 
of Snyder's reagent for the determination of iron in glass sand is 
described, and the method is compared with that employing 4,7- 

diphenyl-1,10-phenanthroline (bathophenanthroline). Variable 

factors such as anion and cation interferences, reagent stability, 

and the selection of the most suitable reducing agent for iron 
were investigated. Snyder's reagent is commercially available 

1 figure, 4 references F.G.H. 

Spectrophotometric determination of magnesium with sodium 

1-azo-2-hydroxy - 3 -(2,4-dimethylcarboxanilido )-naphthalene-1 '- 
(2-hydroxybenzene-5-sulfonate). CHARLES K. MANN AND JOHN 

H. Yor. Anal. Chem., 28 [2] 202-205 (1956).—A new colori- 

metric method for the determination of trace concentrations of 
magnesium is described. The reagent is sodium 1-azo-2-hy- 

droxy-3-(2,4-dimethylcarboxanilido )-naphthalene - 1’-(2-hydroxy- 
benzene-5-sulfonate). The method has a spectrophotometric sen- 

sitivity of 0.0008y of magnesium per sq. cm. and a practical sensi- 

tivity of 1 part of magnesium in 50 million parts of solution. It 

is applicable to the determination of 0.5 to 10y of magnesium 
Interference by diverse ions was studied, and methods of separa- 
tion by extraction and by ion exchange fractionation were de- 
veloped for use in the determination. Magnesium in limestones 

was determined with good precision and accuracy. 1 figure, 10 

references. F.G.H. 

Stability and hydrothermal synthesis of benitoite. D. E 

RASE AND RustuM Roy. Am. Mineralogist, 40 [5/6) 542-44 
(1955).—Benitoite (BaTiSijO,) was synthesized hydrothermally, 
and its upper stability limit was fixed at 965° + 10°C. at 5000 

p.s.i. references 

Standard flasks for determining iodine values. Brit. Stand- 
ard, No. 2735 (1956).—-The dimensions, material, and construc- 

tion of two sizes of flask with nominal capacities of 250 and 500 

January 

ml. are specified. Important features are the capacity of the cup 
top and the long-handled stopper A.B.S 

Stevensite, redefined as a member of the montmorillonite 
group. GErorGE T. Faust ANp Kk. J. Murata. Am. Mineral 
ogist, 38 [11/12] 973-87 (1953).—-Stevensite, a hydrous mag- 

nesium silicate, typically pseudomorphous after pectolite in 
basalt, has been restudied. X-ray diffraction analysis, staining 

tests, and differential thermal analysis all indicate that the 
mineral is a member of the montmorillonite group of clay minerals 

2 figures, 33 references. H.I 

Stevensite, a montmorillonite-type mineral showing mixed- 
layer characteristics. G. W. BrinpLey. Am. Mineralogist, 40 
[3/4] 239-47 (1955).—X-ray and electron diffraction studies 

confirm the theory that stevensite belongs to the montmoril 
lonite group of minerals. The basal spacings are variable and 
show a poorly developed sequence of nonintegral character 

Some specimens show a long spacing of about 24 to 25a.u. Or 
ganic liquid complexes also show a poorly developed sequence of 

basal reflections and occasionally a long spacing of about 26 a.u 

Heat-treatment up to 400°C. reduces the basal spacing to about 
96 au. It is suggested that the mineral may have a mixed 

layer sequence consisting normally of about 10 and 14a.u., the 

latter layer showing swelling and shrinking characteristics; it 

may be described as a talce-saponite interlayered mineral. Elec 
tron micrographs are reproduced: 2 figures, 7 references 

Stress endurance of sintered alumina. L. S. WILLIAMS 
Trans. Brit. Ceram. Soc., $5 [5| 287-812 (1956).—The behavior 
of sintered alumina was observed under mechanical fatigue con 
ditions. Both commercial and laboratory-produced test pieces 

were used; fabrication of the latter is described. A brief de 

scription is given of the design and operation of the high tem 
perature centrifugally loaded cantilever fatigue machine de 
veloped for this work. Delayed-fracture (steady-load) data 
were determined for comparison with the fatigue (cyclic-load ) re 

sults, and correlations between fatigue, delayed fracture, and 

bend strengths were obtained. Fatigue survival stresses on the 

basis of 10? cycles at room temperature and at 900°C. were esti 

mated, and the reduction in the strength of alumina due to 

fatigue is compared with reported figures for steel, aluminum 

alloys, and a Nimonic alloy. 8 figures, 16 references. J.E.Y 
Structural formula of an antigorite from Venezuela. G. W 

BRINDLEY. Am. Mineralogist, 39 [3/4] 391-93 (1954). 1 
figure, 3 references H.I 

Structural relations among double oxides of trivalent elements. 

M. L. KEITH AND RustumM Roy. Am. Mineralogist, 39 [1/2 

1-23 (1954).—The crystal structures assumed by equimolar and 

3:5 molar ratio compounds of the sesquioxides are reported, a 

number of them for the first time, and the effect of ionic radius 
ratio as the controlling variable is shown. In addition, the ef 

fect of cation charge on the cation size tolerance of a structure is 

demonstrated by comparison between A**B**O, compounds and 

known structures of A?*B‘**tO; compounds. Several ambiguities 

and discrepancies in the literature are corrected. Some proper 

ties of the compounds are recorded, and consideration is given 
to the bearing of the results upon problems of distribution of rare 

elements in natural minerals and upon the preparation of crystal 
line compounds with specific desired properties H.I 

Structural variations of some kaolinites in relation to de- 

hydrated halloysite. Haypn H. Murray. Am. Mineralogist, 
39 [1/2] 97-108 (1954).—X-ray analysis indicates that de 

hydrated halloysite has poor crystallinity and that some kao 

linites have good crystallinity while others do not. There ap 

pears to be a continuous variation in the crystallinity of kao 
linites rather than a stepwise gradation. Diflerential thermal 

analysis curves give the same results as X-ray analysis, except 

that dehydrated halloysite is shown to have high crystallinity 
X-ray diffraction data seem to reflect both internal and stacking 

variations, whereas differential thermal analyses indicate only 

internal variations. It is possible that the structural layers 
which make up dehydrated halloysite may be oriented in a 

manner which is different from that of kaolinite and, for that 

reason, appear to have poor crystallinity on the basis of X-ray 

diffraction data. Base exchange data may be used to indicate 

the degree of crystallization of kaolinites. Dehydrated halloysite 
has a low base exchange capacity rather than the relatively high 

capacity that would be predicted on the basis of X-ray data 
Differential thermal analysis curves can be used to determine the 

crystallinity of kaolinites. 3 figures, 11 references. H.1. 
Structure of the liquid silicates—partial molar volumes and 
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expansivities. J. O'M. Bocxris, J. W. ToMLINSON, AND J. L. 
Wuite. Trans. Faraday Soc., 52 [3] 299-310 (1956).—An ap- 
paratus has been devised for studying the specific gravity of 

liquid silicates between 1000° and 1500°C. by the Archimedean 
method; measurements were made of the alkali oxide and silica 

systems in this range. 8 figures, 25 references V.R.E. 

Studies in the mica group; single crystal data on phlogopites, 
biotites, and manganophyllites. A. A. LEVINSON AND E. W. 

HEINRICH. Am. Mineralogist, 39 {$11/12] 937-45 (1954).- 
Weissenberg studies of about 250 specimens of phlogopite, biotite, 

and manganophyllite, of which 63 have been chemically analyzed, 

give the following indications: (1) In phlogopites there is no dis 
cernible relationship between structure and either composition 

or paragenesis. (2) In biotites there is no relationship between 

structure and composition, but geologic environment may be a 
factor in determining the polymorphic type. (3) The optic plane 

of all 2-layer polymorphs is normal to (010), as is also the case 
for the biotite variety, anomite. (4) One-layer polymorphs 

nearly always have the optic plane parallel with (010), which 

corresponds to the orientation of the biotite variety, meroxene 

28 references H.I. 

Study of orthopyroxenes from volcanic rocks. - H1sasni 
Kuno. Am. Mineralogist, 39 30-46 (1954).—-Orthopyrox 

enes from volcanic rocks covering a composition range from 

bronzite to eulite were studied, and the results are compared with 

the properties of orthopyroxenes from plutonic and metamorphic 

rocks. Orthopyroxenes crystallized at high temperatures con 

tain 0.104 to 0.057 Ca in atomic proportion, whereas those crys 
tallized at low temperatures contain less than 0.033 Ca. Pleo 

chroism appears to depend on Ti content. Unit cell dimensions 

a. b, and ¢ all increase with Fe?* substituting for Mg, but the a 
and ¢ dimensions increase more markedly with Ca substituting 
for Mg than with Fe?* Aluminum substituting for Mg causes 

contraction of the b dimension. 2 figures, 21 references. H.I 

Stuffed derivatives of the silica structures. M. J. BUERGER 
Am. Mineralogist, 39{7/8] 600-14 (1954).—-A derivative structure 

is one derived from a simpler basic structure by generalization 
This can occur either by distortion of the simpler structure or by 

substitutions for its atoms of others of different chemical species 
When the substitute atoms have lower valences than those which 

they replace, other atoms must be added which can be described 

as stuffing atoms. Only atoms that can be accommodated in 

the available voids of the structure are acceptable stuffing atoms 

B. deals with the stuffed derivatives of quartz, tridymite, and 

cristobalite. Quartz has voids of limited sizes; they are too 

small for K or Na, but large enough for Li, Be, or B. Eucryp 

tite, LiAISiIO,, and LiAlSipO, are known derivatives of quartz 

Both tridymite and cristobalite have voids large enough to 

house Na, K, or Ca. The best known derivatives of tridymite 

are nepheline, K Nas;Al,Si,O;«, and the several forms of KAISiO, 

The compounds KsMgSigOs, and possibly 

appear to be derivatives of tridymite in which Mg substitutes for 

Si. The cristobalite derivatives include carnegieite, NaAlSiO, 

and NasCaSiO,. It seems likely that NasMgSiO, and Na-BeSiO, 

may also assume tridymite-like structures. Nonsilicate deriva 
tives of silica are briefly discussed. 39 references H.I 

Suggestion for a nomogram for the evaluation of flame-photo- 
metric measurements. SIEGFRIED SCHELINSKI. Si/ikattech., 

7 [2] 57 (1956).—A nomogram for the determination of the 

concentration of a solution on the basis of reference solutions is 
derived, and its application is explained by an example. 1 
figure, 1 reference M.Ha 

Surface adsorption of Cs'” ions on quartz crystals. STEPHEN 
ANTKIW, HUGH WAESCHE, AND F. E. SENFTLE. Am. Miner 

alogist, 41 [3/4] 363-65 (1956).—A preliminary investigation 
was made of the adsorption of radioactive Cs'” ions on large 

quartz crystal faces to determine whether or not there is any 

relation between imperfections on quartz crystals caused by 
variations in crystal structure or in growth patterns and adsorp 

Electrical twinning did not 

In some cases what ap 
tion of ions on the crystal surface 

produce a selective adsorption pattern 
peared to be spiral growth patterns could be emphasized by 

adsorption. 2 figures H.I 

Surface energies of solid oxides and carbides. D. T. Livey 
AND P. Murray. J. Am. Ceram. Soc., 39 [11] 363-72 (1956) 

The surface energies of the alkali halides are considered in rela 

tion to various parameters, such as lattice energy, molar volume, 

and heat of formation. The conclusions derived are applied to 
a consideration of the surface energies of oxides, which range in 

value from 250 ergs/cm.? for PbO to >1420 ergs/cm.? for BeO 

XIII, Chemistry and Physics 29 

Agreement is generally good between the predicted value from 

those relations and the available data, except for those oxides 

which contain heavy-metal ions, such as Cd** and Pb**, where 

polarization of the metal ion tends to produce surfaces of lower 

energy, and those oxides containing cations of high polarizing 

power, such as B** and Si‘*, where polarization of the oxygen 

anions and surface screening of the cations also produce low 
energy surfaces. The surface energies of oxides are compared 

with those of the refractory 

wetting experiments. The surface energies of the monocarbides 

range in value from 800 ergs/cm.? for ZrC to 1675 ergs/cm.? for 

VC and show a linear relationship with the heat of formation 
8 figures, 23 references 

Synthesis of aluminum nitride monocrystals. J. A. Koun, 

PERRY G. COTTER, AND R. A. Potter. Am. Mineralogist, 41 
3/4] 355-59 (1956).—The crystallographic, optical, physical, 

and chemical properties of synthetic aluminum nitride crystals 
are described. 1 figure, 4 references H.1 

Synthesis and stability of minerals in the system MgO-Al,O 
M. Roy anp Rustum Roy Am. Mineral 

ogist, 40 [3/4] 147-78 (1955).—Phase equilibria in the system 
MgO-Al,O;—SiO,-H,O are described in terms of composition tri 

angles of phases in equilibrium with H,O. Seventeen 
triangles are given to describe changing equilibria with increas 

monocarbides as determined from 

sets of 

ing temperature, at a constant water pressure of 10,000 p.s.1 

Syntheses of phases and equilibrium data are discussed, along 

with factors influencing the attainment of equilibrium. At low 

temperatures, montmorillonite ‘“‘solid solutions’’ cover large 

field in the high-silica portion of the diagram, whereas mixtures 
high in magnesia yield aluminian serpentine in combination with 

other phases. Alumina hydrates and kaolinite dominate the high 

alumina portion of the diagram in this temperature range Alu 

minian serpentine at higher temperatures gives way to clinochlore 

Cordierite, the only anhydrous ternary phase encountered, is 

stable in equilibrium with H.O above 5OOPC., the 
stable joins, quartz—cordierite-H.O and cordierite-spinel-H,.O, 

ibout and 

divide the quaternary system into two areas: (1) that part 

dominated by the aluminosilicates and (2) the area involving 
magnesium silicates. In the alumina-silica side of the system, 

pyrophyllite is the hydrate stable to the highest temperature 
(575°C.), but in the magnesia-silica side, tale is stable to a much 

higher temperature (780°C.). Applications of the data ob 

tained to geologic problems are discussed. 3 figures, 26 refer 

ences H.] 

System A. J. Majyumpar AND RustuM 

J. Am. Ceram. Soc., 39 (12) 434-42 (1956 Phase equilib 

H.O were determined 

Roy 
ria in the system CaO-—Al.O 
perature range 100° to 1000°C 
3000 atm. Only three hydrated phases are formed stably in the 

system: Ca(OH), 3CaQO-Al.O;-6H,O, and 
Pressure-temperature curves delineating the 

composition of each of these phases were determined, and some 

It has been 

in the tem 

under water pressures of up to 

equilibrium de 

thermochemical data have been deduced therefrom 
established that both CaO-AlLO; and 3CaQO-Al.O,; have a mini 

mum temperature of stability which is above 1000°C Phe rel 

vance of the new data to some aspects of cement chemistry is dis 

cussed. 8& figures, 30 references 

Thermal expansion of various ceramic materials to 1500°C. 
Oscoop J. WHITTEMORE, J]R., AND Nett N. /J.Am 
Soc., 39 [12] 443-44 (1956) rhermal-expansion data from room 

temperature to 1500°C. are given for Al, Mg, Ca, Si, Ti, Th, and 
Zr oxides, lithium aluminum silicate, Si and B carbides, and Ca 

and Mg fluorides. Determinations were made with telemicro 
scopes on bars or rods 7 in. long t figures, 2 references 

Thoron-tartaric acid systems for spectrophotometric deter- 
mination of thorium. F. S. GrimaLpr anp Mary H. FLeTcHer 
Anal. Chem., 28 [5] 812-16 (1956).—Thoron, commonly used for 

the spectrophotometric determination of thorium, is highly 

This study describes the use of tartaric 

Three tartaric 

Ceram 

sensitive to zirconium 

acid as a masking reagent for zirconium 

thoron systems, developed for the determination of thorium, dif 

fer with respect to the concentrations of thoron and tartaric acid 

Mesotartaric acid, used in one of the systems, is most effective in 

masking zirconium. The behavior of rarer elements usually 
associated with thorium ores is determined in two systems, and a 

dilution method is the direct determination of 

thorium in monazite concentrates. 7 figures, 7 references 

F.G.H 

Ultraviolet spectrophotometric determination of zirconium. 
RICHARD B. HAHN AND LEON WEBER 1nal. Chem., 28 {3} 414 
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15 (1956).—Zirconium tetramandelate dissolves in aqueous am- 

monia, forming a soluble saltlike compound that exhibits maxi- 

mum absorbance at a wave length of 258 my. This is used as the 
basis of a spectrophotometric method for the determination of 

milligram amounts of zirconium in the presence of aluminum, 
iron, and titanium. 1 figure, 2 references F.G.H 

PATENTS 

Acoustic separatory methods and apparatus. Perer J 
WESTERVELT AND PeETeR W. Sieck (Research Corp.). U. S. 

2,766,881, Oct. 16, 1956.—6. A method of treating a dispersion 

of particles in a fluid medium to effect a displacement having a 
unidirectional component of motion comprises generating oscilla 

tions having an asymmetric waveform of greater amplitude on 
one side of the waveform axis than that on the other side of the 
axis, converting the oscillations into vibratory displacements, 

and coupling the displacements to the medium to generate vibra- 
tory displacements having an amplitude larger than a pre- 

determined particle diameter D.J.B 

Apparatus for the manufacture of piezoelectric crystals. 
Ropert R. BIGLER AND WILLIAM SCHAFER, JR. (United States of 

America as represented by the Secretary of the Army). U. S. 

2,765,765, Oct. 9, 1956.1. A fixture for use in an evacuated 

chamber for thermal deposition of a conductive layer on a face 
of a piezoelectric crystal mounted by electrically conductive sup 

ports on a plug-in base comprises, in combination, a platform 
and, mounted on the platform, in spaced alignment, a heater 
means, an apertured plate, and a socket for the plug-in base 
whereby a material evaporated from the heater means may pass 

through the aperture of the plate and form a layer on a crystal 
unit mounted in the socket, the aperture in the plate including a 
radially extending portion through which material evaporated 

from the heater passes to form a layer extending to and covering 

a portion on one of the conductive supports D.J.B 
Crystal detwinning. ArtHur C. Pricuarp (United States of 

America as represented by the Secretary of the Army). U. S. 
2,767,067, Oct. 16, 1956.—1. A method of treating a quartz 
crystal of symmetrical shape containing Dauphiné twinning to 

produce a uniform crystalline structure comprises the steps of 
applying a constant a.-c. voltage of variable frequency to a de- 

sired twin portion of the crystal while simultaneously gradually 

heating the crystal to a temperature near its high-low inversion 
point, the heating causing both an increase in the resistance and 

a change in the resonant frequency of the crystal, continually 
adjusting the frequency of the applied voltage during the heating 

to make it correspond substantially to the changing resonant 
frequency of the crystal, a temperature and a frequency being ob- 

tained at which the current passing through the crystal is sub- 

Ceramic Abstracts January 

stantially zero, applying the voltage with the obtained frequency 

at the obtained temperature to the crystal for a short period of 
such duration as to insure that the crystal has been subjected t: 

the force required for detwinning, and gradually cooling th« 
crystal D.J.B 

Method and apparatus for coating by thermal evaporation. 
FRANK K. Trusy (Bausch & Lomb Optical Co.). U.S. 2,762,722, 
Sept. 11, 1956.—1. A method of evaporating a material which 

will sublime comprises forming in a mass of the material an open 

ing having an internal wall and an orifice and vaporizing some of 

the material of the wall by heating primarily the internal wall of 
the opening whereby the vapor of the material will be emitted 
from the orifice of the opening. D.J.B 

Method of growing nepheline crystals. Epwarp WASHKEN 
AND MARTIN J. BUERGER (United States of America as repre 

sented by the Secretary of the Army). U. S. 2,766,105, Oct. 9, 

1956.—The process of growing single crystals of nepheline 
suitable for piezoelectric applications from a melt containing 

nepheline and lithium fluoride comprises placing an individual 
seed crystal of nepheline in the melt, maintaining the tempera 
ture of the melt at about 915°C. for about 24 hr., and inter 

mittently stirring the melt during this period for not more than a 

few minutes during each hour, thereby insuring the production of 
crystals of about 0.25 in. in diameter and hence suitable for the 

piezoelectric applications. . D.J.B 

Method of preparing iron catalysts containing kieselguhr. 

HERBERT KOELBEL AND ROBERT LANGHEIM (Rheinpreussen A 

G. fiir Bergbau und Chemie). U. S. 2,761,847, Sept. 4, 1956.—8 

In the process for preparing copper and alkali-containing iron 
catalysts from kieselguhr, an iron-copper-alkaline earth-nitrate 

solution, and an alkali by neutralization of the nitrate solution 

with alkali to form an iron precipitate, the improvement com 
prises employing a nitrate solution of at least 2% nitrate con 
centration containing an exess of 5 to 40% nitrid acid and a soda 

solution containing an excess of 5 to 40% soda above that re 
quired to neutralize the nitrate solution, adding the nitrate solu 
tion to soda solution in which kieselguhr is suspended, carrying 

out the addition of nitrate solution to the soda solution in incre 

ments starting with an increment of about 5% of the total nitrate 
solution, increasing the size of increments with each addition so 

that the total amount of nitrate solution will be added in 5 to 7 

additions, permitting carbon dioxide formation to cease prior to 
the addition of each increment, then, within 5 to 20 min. after 

neutralization is complete on the addition of the last increment of 
nitrate solution, heating the resulting catalyst paste to its boil 

ing point, boiling the paste for 2 to 7 min., drying the catalyst 
thus formed at a temperature not exceeding 80°C., and recover 

ing the iron catalyst D.J.B 

XIV—General 

Are there too many ceramic engineers? R. R. DANIELSON. 
Am. Ceram. Soc. Bull., 35 [11] 444 (1956) 

Ceramic Data Book, 1956-1957. Industrial Publications, Inc., 
Chicago 3, 1956. 500 pp., illus. Cf. Ceram. Abstr., 1955, Jan., 
p. 21f. 

Ceramic industry of the Soviet Union. A. Koperkin. Indian 

Ceramics, 2 [6] 201-202 (1955).—An account is given of the 

ceramic industry of pre-Revolutionary Russia that has recently 
been radically reconstructed on the basis of new techniques 
Despite the high rate of development, the demands on the in 

dustry considerably exceeded the output. Processes designed to 
meet the increased demand include semidry pressing of ceramic 
pipe with 7 to 8% moisture content and a single firing process 

in the manufacture of glazed facing tile. These methods re 
quire much less time than the traditional processes. B.L.M. 

Chemical Engineering Catalog, 1956-57. 4lst ed. Reinhold 
Publishing Corp., New York 22, 1956. 1932 pp 

Clemson College well equipped for ceramic studies. 
Am. Ceram. Soc. Bull., 35 [11] 448-49 (1956). 5 photos 

Considerations in planning operations with silicosis danger. 
Rupo_F BoMMEerRT. Silikattech., 7 [7] 267-70 (1956). 6 figures, 

1 reference. M.Ha 

Dust control in crushing plants. P.J. DuNLop. Can. Mining 
J., 77 (9] 100-101 (1956).—Dust control is usually achieved by 

ANON. 

h 

enclosing the source and then collecting the dust from the ex 

hausted air, by general ventilation, and by vacuum cleaning 

Estimates of dust control costs are difficult to make but certainly 
are not excessive compared with the cost of a crushing plant. 

G.M.H 

Foundry dust control. E. Brapiey. Ind. Heating Engr., 18 

[127] 155-59, 190-93, 222-24 (1956).—B. describes the use of 
exhaust systems, the principles of air flow, hoods, separators, col 
lectors, design of ducting systems, etc., in the control of dust 

with stationary grinders; he also discusses the dust problem in 
the fettling shop where swing grinders are used. 15 figures 

V.R.E 
New ceramic curriculum emphasizes ‘‘know-why.’’ JosEPH 

A. PasK. Am. Ceram. Soc. Buill., 35 [11] 450 (1956). 
Research Committee—Report for 1955-56. ANon. Am 

Ceram. Soc. Bull., 35 [10] 408-409 (1956) 
Role of patents in development and research. 

Am. Ceram. Soc. Bull., 35 [10] 405-406 (1956) 

Supervisory training is important. H. D. Jupp. Can. Min 
ing J., 77 (9| 79-81 (1956).—The Ontario Government Depart 

ment of Education maintains a job safety training educational 
program. Many mines have taken advantage of the literature 

and instruction available. It is necessary to make such training 

a part of the mine organization and also to follow up the planning 

G.M.H 

O. E. WILLIAMS 

and supervision. 
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59th ANNUAL MEETING 

THE AMERICAN CERAMIC SOCIETY 

May 5-9, 1957 
Dallas, Texas 

Technical programs for the 59th Annual 

Meeting are now being put together. 

Authors are invited to communicate with 

the program chairman of the Division t 

which the paper is most appropriate, 

sending title and abstract. 
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